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 v 
Summary 
 
Novel p-quinone methides have been synthesized by the dealkylation of 5-(p-alkyloxyaryl)-
10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ols and related compounds. Aspects of the 
dealkylation reaction were investigated using computational methods in order to identify 
possible intermediates and postulate reasons for the observed reactivity patterns. This 
included studying the effect of varying the size of the central B-ring, changing the alkyloxy 
group, and altering the substitution pattern on the parent alcohols. We have assessed the 
relative energies of reaction intermediates and have also evaluated the influence of factors 
such as charge delocalisation, LUMO properties of the carbocations and thermodynamic 
factors on the dealkylation reaction.  
 
The use of different dealkylating reagents was also briefly investigated. Demethylation of 1,3-
dimethyl-11-(4-methoxyphenyl)-6,11-dihydrodibenzo[b,e]oxepin-11-ol with pyridine hydro-
chloride led to acid-catalyzed ring-contraction of the parent alcohol to form a novel substituted 
anthraquinone, 9-(4-hydroxyphenyl)-1,3-dimethyl-anthracen-10-(9H)-one, in good yield. 
 
The general reactivity of the p-quinone methides of interest to us was explored by subjecting 
these compounds to reaction with a range of nucleophiles (bases, Grignard reagents and 
alcohols). A range of aryl Grignard reagents were reacted with the p-quinone methides, with 
the main product isolated in almost all cases being the aryl-coupled 1,2-addition product. The 
nucleophilic addition reactions of alcohols were supported by a computational study and a 
probable reaction mechanism has been postulated. A base-catalyzed rearrangement is 
proposed to account for the formation of products in which dehydrogenation of the ethane 
bridge was observed. These studies showed that in these p-quinone methides, chemical 
reactivity is strongly influenced by steric crowding, resulting in reversal of the normal 1,2- vs. 
1,6- selectivities expected for nucleophilic addition. The ketalization process was explored 
further using diols and thiols. Products analogous to those obtained with the monohydric 
alcohols resulted from the diols, along with a series of novel bis-ethers. 
 
A range of miscellaneous reactions of 4-(dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-
dienone and related systems were investigated. Functionalization by epoxidation, 
dichlorocarbenation and Diels-Alder reactions, photochemical and [2+2] cycloaddition were 
attempted and reduction and oxidation reactions were also explored. Photochemical 
demethylation of an ortho-methoxyl substituent on the p-quinone methide system was 
observed to occur in good yield. The p-quinone methides underwent reductive coupling in the 
presence of Zn/AlCl3.  
 vi 
The electronic spectra of highly conjugated carbocations were obtained and their potential as 
novel dyes evaluated. A low-temperature Grignard exchange reaction followed by 
spontaneous cyclization upon workup, was successful in synthesizing the lactone, spiro[10,11-
dihydro-5H-dibenzo[a,d]cyclohepten-(3’,4’H)-phenyl-5,2’(5’H)-furan-5’-one], in one step from 
the starting ketone. A novel seven-membered Malachite Green dye analogue, 11-(4-
dimethylamino-phenyl)-3-morpholin-4-yl-6,11-dihydro-dibenzo[b,e]oxepin-11-ol, was also 
synthesized and its electronic spectra compared to that of the unannulated Malachite Green 
dye series. 
 
All novel compounds synthesized were characterized using NMR, IR and HRMS-analysis. 
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1 
Chapter 1: Introduction 
 
1.1 Stability of p-quinone methides 
 
p-Quinone methides (also known as fuchsones; Fig. 1.1) are highly conjugated cyclic enones 
that, apart from being intensely coloured, also exhibit interesting physico-chemical properties 
and have been the subject of many NMR, UV/Vis and theoretical studies.1,2,3,4  
 
O O OH OH OMe OMe
1 2
3
4
5
6
7 R2R1 R2R1 R2R1 R2R1 R1 R2 R1 R2
1.1 1.2 1.3
 
Fig. 1.1:  Basic structure of p-quinone methides 
 
The parent quinone methide 1.1 and its protonated and methylated analogues 1.2 and 1.3, can 
exist as resonance stabilized benzylic carbocations. The contribution of the oxygen atom 
towards resonance stabilization, gives p-quinone methides high kinetic stability and increased 
selectivity towards nucleophiles.5  
The simplest quinone methide, 4-methylene-2,5-cyclohexadienone (or fuchsone),  is too 
unstable to isolate, polymerizing rapidly upon concentration of its dilute solution. In general, the 
presence of electron-withdrawing or aromatic groups on the exocyclic methylene carbon (C7) 
of the quinone methide or sterically bulky substituents adjacent to the carbonyl will stabilize the 
molecule. Quinone methides that have sterically crowded exocyclic methylene double bonds 
(e.g. R1 = R2 = phenyl; C3 and C5 are methyl-substituted) exhibit deshielding of C7 in their NMR 
spectra due to twisting of the adjacent phenyl rings out of the plane of the double bond to 
accommodate the methyl groups. This decreases the π-character of the exocyclic double bond 
and increases the partial positive charge on C7.6 The stability of quinone methides strongly 
depends on their structure which is generally a function of conjugation, electronic and, in some 
                                                 
1S.G. Semenov and S.M. Sherchenko, Zhurnal Strukturnoi Khimii, (English Translation), 1983, 24, 25. 
2
 M. Benson and L. Jurd, Org. Magn. Reson., 1984, 22, 286. 
3
 A. Lyčka, D. Šnobl, B. Koutek, L. Pavličková and M. Souček, Coll. Czech, Chem. Commun., 1981, 45, 1775. 
4
 L. Musil, B. Koutek, J. Velek, J. Krupicka, M. Soucek, Coll. Czech. Chem. Commun., 1983, 48, 2825. 
5
 J.P. Richard, M.M. Toteva,  J. Crugeiras,  J. Am. Chem. Soc., 2000, 122(8), 1664. 
6
 B.Koutek, L. Musil, J. Velek, A. Lyčka, D. Šnobl, M. Synáčová and M. Souček, Coll. Czech. Chem. Commun.,  
1981, 46, 2540. 
  
2 
cases, steric effects of substituents.7 For ease of differentiation, the compounds stabilized by 
aromatic rings in the 7-position will be referred to as fuchsones.  
 
1.2 p-Quinone methides as reactive intermediates 
 
O
1
3
7
1,6-nucleophilic addition
1,4- nucleophilic addition
1,2-nucleophilic addition
Diels-Alder
R2R1
26
5 4
 
Fig. 1.2: Possible reactive sites of fuchsones 
 
In the fuchsones series of p-quinone methides, ketone chemistry is possible at the carbonyl 
group, alkene chemistry at the conjugated double bonds and nucleophilic addition should be 
possible depending on the extent of steric crowding of the substrate and the corresponding 
nucleophile. Unannulated quinone methides display similar reactivity to fuchsones, but their 
cyclohexadienone ketals or ethers can undergo conjugate addition, making them interesting 
prochiral precursors (Section 1.2.2). 
 
1.2.1 Reactions with nucleophiles 
 
In the reaction of stable unannulated quinone methides with nucleophiles, nucleophilic addition 
occurs at C7, which converts the system from the quinoid to a phenolic system (Fig. 1.3). 
Aromatisation is a very strong driving force for this conversion, which occurs with nucleophiles 
such as mercaptans, amines, Grignard reagents as well as during reduction with metal 
hydrides.8,9 Advantage is taken of their reactivity towards nucleophiles to trap transient p-
quinone methides (generated in situ) as the corresponding phenols. 
 
 
                                                 
7
 J. Pospišek, M. Pišová and M. Souček, Coll. Czech. Chem. Commun., 1981, 46, 1148. 
8
 A.A. Volod’kin, V.V. Ershov, Russ. Chem. Rev., 1988, 57(4), 336. 
9
 S.R. Angle, J.D. Rainier, J. Org. Chem, 1992, 57, 6883. 
 
  
3 
OH
RR
CH2NR1R2
OH
RR
CH2SR1
OH
RR
CH3
OH
RR
CH2R1
LiAlH4
R1MgX
HNR1R2
R1SH
O
CH2
RR
 
Fig. 1.3: Reactions of quinone methides with nucleophiles 
 
The increased resonance stabilization engendered by substituting C7 with aromatic groups, 
alters the reactivity of p-quinone methides towards Grignard nucleophiles when compared to 
that of quinones. p-Quinone methides undergo 1,6-addition followed by aromatisation, while 
quinones react at the carbonyl group to form  p-quinols.  
 
Baeyer and Villiger first reported the 1,6-addition of Grignard reagents to fuchsones (eq. 1.1, 
Fig. 1.4).10 This was confirmed by Julian and Gist who extended the study to include 
naphthafuchsones as well as anthrafuchsones.11  The former undergo 1,6-addition, while the 
anthrafuchsones undergo 1,2-addition with Grignard reagents (Eq. 1.2 and 1.3, Fig. 1.4).  
 
C
O
C
O
C
O
C
CH3
OH
C
CH3
C
OH
HO CH3
Eq. 1.110 Eq. 1.211
Eq. 1.311
 
Reagents and conditions: CH3MgI, ether, reflux. 
Fig. 1.4: Reactions of fuchsones with Grignard reagents10,11 
 
 
 
 
1.2.2 Use in diastereoselective synthesis 
                                                 
10
 A. Baeyer and V. Villiger, Chem. Ber., 1903, 36, 2793. 
11
 P.L. Julian and W.J. Gist, J. Chem. Soc., 1935, 57, 2030. 
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A recent review describes the use of quinone ketals and quinols as building blocks  
for enantioselective synthesis (Fig. 1.5).12 
 
O
RO OR'
O
HO R
MBP (masked para-benzoquinone ketals) p-quinol
W Z
X Y
R,R' = Me, SiR3, ethylene glycol
W Z
X Y
 
Fig. 1.5: Structure of quinone building blocks12 
 
The most common method for preparing p-quinols involves oxidation of the relevant 4-
substituted phenol with oxidants such as singlet oxygen, lead tetraacetate, hypervalent iodine 
reagents, thallium-reagents, Ce(IV), Fe(III) and by electrochemical methods. Paterno-Büchi 
reactions as well as hetero Diels-Alder reactions have also been used to synthesize p-quinols. 
The chemistry of the p-quinol building block is slightly hampered by its tendency to rearomatize 
via the dienone-phenol rearrangement, but it does undergo 1,2- and 1,4-additions, epoxidation, 
rearrangement as well as photochemical transformations. 
 
Van De Water and coworkers exploited the ability of quinone methides to function as incipient 
benzylic cations in synthesizing a cyclohexadienone intermediate (Fig. 1.6).13 Their strategy 
involved the oxidative dearomatisation of readily available resorcinol derivatives to yield a 
phenoxy cation that undergoes intramolecular ortho-lactonization to a cyclohexadienone that 
could be used as synthetic intermediate in the construction of a range of stereospecific 
cyclohexadienone-based derivatives (Fig. 1.7). 
 
OBOC
HO
N
O
Cl
OH
O
N
O
O
O
O
O
i ii
 
Reagents and conditions: i) K2CO3, TBAI, then H3O+, 1,4-dioxane or ZnBr2/CH3NO2; ii) PHI(OCOCF3),  
0.05M in CH3NO2 then H2O 
Fig. 1.6: Synthesis of a cyclohexadienone useful as a synthetic intermediate13 
                                                 
12
 D. Magdziak, S.J. Meek, T.R.R. Pettus, Chem. Rev., 2004, 104, 1383. 
13
 R.W. Van De Water, C. Hoarau, T.R.R. Pettus, Tetrahedron  Lett., 2003, 44, 5109. 
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O
O
O
O
O
O
O
OHPh
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Reagents and conditions: i) CH2Cl2, PhMgBr (3 equiv.), -78°C; H 2O, -78°C to rt; ii) Rh(PPh 3)3Cl, H2, 
CH2Cl2, 2h; iii) Rh(PPh3)3Cl, H2, CH2Cl2, 10h; iv) MeOH, NBS, CH2Cl2, 0°C to rt then Zn, NH 4Cl,  
MeCN; iv) Danishefsky’s diene (1.5 equiv.), benzene, reflux; iv) KHDMS, dimethyl malonate, THF, -50°C   
Fig. 1.7: Diastereoselective reactions of a stable cyclohexadienone13 
 
1.2.3 Intramolecular cyclization reactions 
 
Angle et al showed that upon protonation or complexation of the oxygen atom of a p-quinone 
methide with a Lewis acid, the electrophilicity of the exocylic carbon is increased to such a 
degree that a side-chain benzene ring may act as nucleophile in an electrophilic substitution 
reaction (Fig. 1.8).14 
 
O
CH3H3C
i
OH
CH3H3C
OH
CH3H3C
ii
 
Reagents and conditions: i) CH2Cl2, Ag2O (4-10 equiv.); ii) ZnCl2 (1.0 to 10 equiv.), CH2Cl2 
Fig. 1.8: p-Quinone methide initiated intramolecular electrophilic substitution reactions14 
 
1.2.4 Radical cyclization reactions 
 
A radical cyclization at the enone β-carbon of a quinone methide has been used to synthesize 
an annulated aromatic compound. The reaction proceeds via an intermediate p-benzoquinone 
                                                 
14
 S.R. Angle, M.S. Louie, H.L. Mattson and W. Yang, Tetrahedron Lett., 1989, 30(10), 1193. 
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monoacetal followed by radical cyclization onto the quinoid ring with aromatization of the 
quinone nucleus (Fig. 1.9).15 
 
OH
OMe
O
MeO O I
O
MeO O
OH
O
i ii iii
 
Reagents and conditions: i) HOCH2CH2I, PhI(OAc)2, K2CO3; ii) Bu3SnH, PhMe, AIBN, 85°C; iii) TsOH,  
PhMe 
Fig. 1.9: Cylization and aromatization of a p-quinone ketal15 
 
1.2.5 Cycloaddition reactions 
 
In situ generated quinone methides react at the exocyclic carbon in a [3 + 2] cycloaddition, 
followed by an intramolecular Friedel-Crafts reaction, to form alkylindans (Fig. 1.10).16 The 
reaction is optimal in nitromethane as solvent and the addition of lithium perchlorate (which 
facilitates the reaction at the exocyclic carbon by complexing to the oxygen and encouraging 
charge separation) increases the yields. DDQ oxidises the phenol to the corresponding 
quinone methide intermediate. 
 
OH
OMe
i
O OH
OMe
OH
OMeOMe
 
Reagents and conditions: i) DDQ, nitromethane, LiClO4 
Fig. 1.10: Cycloaddition of alkene to quinone methides generated in situ16 
 
1.3 Biological activity of p-quinone methides 
 
Quinone methides are important intermediates in the biosynthesis of lignin, as well as various 
other biological processes.17,18 p-Quinone methides have also been identified as key 
intermediates in the formation of toxic butylated hydroxytoluene (BHT), found in food 
preservatives. These phenols can be oxidized to the corresponding quinone methide during 
                                                 
15
 D.L.J. Clive, S.P. Fletcher, M. Zhu, Chem. Commun., 2003, 526. 
16
 S. Kim, Y. Kitano, M. Tada, K. Chiba, Tetrahedron Lett., 2000, 41, 7079. 
17
 J. Leary, Wood Sci. Technology, 1980, 45, 1775. 
18
 D.C. Thompson, J.A. Thompson, M. Sugumaran and P. Moldeus, Chem.-Biol. Interact., 1992, 86, 129. 
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the metabolic process and subsequently alkylate proteins and DNA in the body.19  The 
oxidative binding of molecules containing the quinone nucleus to glutathione in the body can 
lead to oxidative stress accompanied by the production of reactive oxygen species (O2, H2O2 
and OH˙) that can destroy cellular molecules.20 This biological alkylation function of p-quinone 
methides was employed in the rational design of a phosphatase-selective inhibitor. 4-
(Fluoromethyl)phenyl phosphate (FMPP), upon elimination of the fluoride ion, forms a p-
quinone methide intermediate that is able to irreversibly alkylate the active site of the 
phosphatase enzyme, thereby inhibiting it (Fig. 1.11). FMPP was found to be active towards 
prostatic acid phosphatase, an enzyme that plays a role in the development of prostate 
cancer.21 
 
X
R
O
PHO O
O Na
EnzNu
H B
Enz
X
R
O
H
B
Enz
O
R
Nu
Enz
H
B
Enz
Nu
R
OH
Enz
Inactive enzyme
 
Fig. 1.11: Inhibition mechanism of prostatic acid phosphatase by FMPP21 
 
Hydroxyferrocifens have exhibited anti-proliferative behaviour towards breast cancer cell lines 
and increased toxicity to cell lines resistant to tamoxifen (regularly prescribed for patients with 
hormone-dependant breast cancer). In situ oxidation of the phenol groups and the ferrocenium 
cation of the hydroxyferrocifen molecule by basic species such as DNA nucleotides or 
peptides, can lead to the formation of a ferrocene-coupled quinone methide that can interact 
with DNA and lead to cell death.22 
 
 
 
                                                 
19
 J.L. Bolton, L.G. Valeno, Jr. and J.A. Thompson, Chem. Res. Toxicol., 1992, 5, 816. 
20
 T.J. Monks and D.C. Jones, Curr. Drug Met., 2002, 3, 425. 
21
 J.K. Myers, J.D. Cohen and T.S. Widlanski, J. Am. Chem. Soc., 1995, 7, 11049. 
22
 E. Hillard, A. Vessières, L. Thouin, G. Jaouen and C. Amatore, Angew. Chem. Int. Ed., 2006, 45, 285.  
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Fig. 1.12: Proposed mechanism for in situ formation of biologically active p-quinone methides 
from hydroxyferrocifens22 
 
1.4 p-Quinone methide-based dyes  
 
p-Quinone methides, which are usually highly coloured, form the basis of many cationic dyes 
and pH-sensitive indicators such as fluorescein which is also used as a diagnostic aid for 
cornea trauma.23 Fluorescein-derived dyes are also employed as probes for cell-derived 
superoxide radical anion (O2-.). This radical is often a byproduct of the pathological condition of 
many diseases and a fluorescent probe that can assay for its presence would be invaluable. A 
fluorescing mechanism independent of a redox reaction would be required, since the reductant 
action of the oxygen anion radical excludes the use of standard spectrophometric probes such 
as cytochrome c. Bis(2,4-dinitrobenzenesulfonyl)fluoresceins have been found to be sensitive 
to the presence of cellular oxygen anion radical during reaction with xanthine oxidase and 
hypoxanthine (HPX) up to detection limits of 1.0 pmol and 2.0 nmol of HPX. In its reaction with 
the oxygen species, the protective groups are removed to form a quinone methide 
intermediate that exhibits a relative fluorescent intensity of 554 (Fig. 1.13).24 
 
 
                                                 
23
 The Merck Index, 12th edition, S. Budavari (Ed.), Merck & Co. Inc., Whitehouse Station, N.J. U.S.A. 1996, pp. 705, 236, 610 and 
1604. 
24
 H. Maeda, K. Yamamoto, Y. Nomura, I. Kohno, L. Hafsi, N. Ueda, S. Yoshida, M. Fukuda, Y. Fukuyasu, Y. Yamauchi, N. Itoh,  
J. Am. Chem. Soc., 2005, 127, 68. 
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Fig. 1.13: Reaction of a substituted fluorescein probe with cellular oxygen anion radical to 
produce a quinone methide fluorescer24 
 
Synthetic flavylium compounds can be utilised as molecular level switches driven by pH 
changes accompanied by dramatic colour changes.  Deprotonation of the OH group in the 4’- 
hydroxyflavylium ion will generate a quinoidal base (Fig. 1.14).25 
 
 
O
OH
OHH
H O
OH
O
O
H
 
Fig. 1.14: pH-Sensitive synthetic flavelium molecular switch25 
 
1.5 p-Quinone methides as organometallic ligands 
 
The synthesis of a metalloquinone has recently been reported (Fig. 1.5). In this complex the 
quinone methide moiety forms part of a bis-chelating ligand that is very strongly bound to the 
metal.26 
O
Ru
OC COPt PtBu
t
But
But
But
 
Fig. 1.15:  Structure of the first reported metalloquinone26 
 
The same group has also synthesised a metal complex containing the simplest p-quinone 
methide, 4-methyl-2,5-cyclohexadien-1-one.27  Electron-rich bisphosphine palladium and 
platinum centres can form stable complexes with olefins due to backbonding that occurs 
between the metal and the double bond. Such complexes would allow the quinone methide to 
                                                 
25
 V.N. Komissarov, L. Yu Ukhin and V.A. Kharlanov, Izv. Akad. Nauk USSR, Ser. Khim., 1991, 5, 1121; CA 115: 158626m. 
26
 N. Ashkenazi, A. Vigalok, S. Parhiban, Y. Ben-David, L.J.W. Shimon, J.M.L. Martin and D. Milstein,  J. Am. Chem. Soc., 2000, 
122, 8797. 
27
 O. Rabin, A. Vigalok and D. Milstein, Chem. Europ. J., 2000, 6(3), 454. 
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be released under specific conditions where it can be trapped by other nucleophiles. The 
benzyl bromide 1.4 containing a protected phenolic hydroxyl group has been found to form a 
palladium(II) diphosphine complex. Desilylation of the protecting group with fluoride resulted in 
a rearrangement reaction in which a Pd(0) complex was formed.  During this reaction, the p-
quinone methide was formed and ligated to the palladium. The complex showed remarkable 
thermal stability and did not react with either water or alcohol.  The use of an appropriate 
ligand liberated the free p-quinone methide into the reaction medium, where it could be 
efficiently trapped by added nucleophiles. These types of complexes are being investigated as 
vehicles for selective drug delivery. 
 
A stable quinone methide/palladium complex (based on the simple quinone methide, 2,6-di-
tert-butyl-4-methylene-2,5-cyclohexadienone or BHT-QM) has been prepared via the above 
methodology. 28 The exocyclic double bond of the quinone methide is chelated to the metal  
centre which allows controlled release of the BHT-QM ligand into solution if required. 
 
OTMS
R R
Br
R = C(CH3)3
OTMS
R R
Pd
Br
N
N
OTMS
R R
Pd
Br
Ph2
P
P
Ph2
O
R R
Pd
Br
Ph2
P
P
Ph2
(n-Bu)4N+
O
Pd
Ph2
P
P
Ph2
i ii iii
iv
1.4
 
 
Reagents and conditions: i) (tmeda)PdMe2-C2H6; ii) dppe,-tmeda; iii) (n-Bu)4N+F-,-Me3SiF;  
iv) (n-Bu)4NBr 
Fig. 1.16: Synthesis of metal-stabilized BHT-QM28 
 
Recently, quinone methides have also been employed as redox active quinone/semi-quinone 
ligands. These ligands are used to synthesize complexes that act as single molecule magnets. 
The bis(semi-quinones) couple to two metal centres and the delocalization of the negative 
charge and the unpaired electron over both rings in the semi-quinone system, allows the ligand  
to stabilize the metal centres as a mixed-valent anion or its biradical (Fig. 1.17).29 
                                                 
28
 O. Rabin, A. Vigalok, D. Milstein, J. Am. Chem. Soc., 1998, 120, 7119. 
29
 D.A. Schultz, S.H. Bodnar, K. Kumar and J.W. Kampf, J. Am. Chem. Soc., 1999, 121, 10664. 
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Fig. 1.17: Use of quinone/semi-quinone system as redox active ligand29 
 
1.6 p-Quinone methides as building blocks for polymers and nanostructures 
 
The ability of p-quinone methides to coordinate through the quinone oxygen atoms, allows 
them to be used in the synthesis of crystalline organometallic coordination polymers, the 
geometry and two-dimensional structure of which depends on the specific metal ion used (Mn, 
Zn or Cd). Hydroquinone can complex to Mn(CO)3+ through π-coordination which allows proton 
loss to form the corresponding quinone methide. The organometallo ligand [(η4-
benzoquinone)Mn(CO)3]- undergoes σ-complexation through the oxygen atoms with Mn2+ to 
form a coordination network that can form a 2D grid or a 1D string array. The addition of 4,4-
bipyridine to the reaction mixture leads to the formation of 2D pseudo-planar networks joined 
by 4,4’-bipyridine spacers (Fig. 1.18).30,31 
 
◊ ◊ ◊ ◊
◊◊ ◊◊
◊◊ ◊◊
◊ ◊ ◊ ◊
◊◊ ◊◊
◊◊ ◊◊
=
=
Mn 2+
O O
Mn(CO)3-
2D grid 1D string
◊
 
Fig. 1.18: Organometallic polymers derived from quinone methide metal complexes30 
 
                                                 
30
 M. Oh, G.B. Carpenter, D.A. Sweigart, Angew. Chem. Intl. Ed., 2001, 40(17), 3191. 
31
 M. Oh, G.B. Carpenter, D.A. Sweigart, Angew. Chem. Intl. Ed., 2002, 41(19), 3650. 
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An excellent review on the subject of the polymerization behavior of fuchsones and related 
quinodimethanes was published.32 Lin et al noted that fuchsones with electron-donating 
substituents polymerise with potassium t-butoxide in THF to give high molecular weight 
polymers that can be cast into clear films.33 The rate of polymerization increases with more 
electron-withdrawing groups and the mechanism for the polymerization is thought to proceed 
via attack of the t-butoxide anion at the exocyclic carbon to form a phenolate anion  followed 
by subsequent addition to form a head-to-tail polymer (Fig. 1.19). 
 
O
H
R
Me
Me
(R = H, Me, Cl, CF3)
KOBut C O
Me
Me
R
ButO
H
K
C O
Me
Me
R
H
n
 
Fig. 1.19: Base-catalyzed polymerization of fuchsones33 
The synthesis of a thiophene-linked quinone methide oligomer that exhibits high electron 
affinity, was accomplished by a Grignard reaction between a lithiated protected phenol and a  
polymeric ketone (Fig. 1.20).34 
S
O
S
O
S
+
OTMS
ButBut
Li
S S
S
But But But
But
O
O
i, ii
 
Reagents and conditions: i) THF, 0°C – rt; ii) 2M HCl / acetone 
Fig. 1.20:  Oligomeric fuchsones34 
 
The quinodimethane compound derived from fluorenone was found to dimerise into a spherical 
cyclic tetramer. This spontaneous self-assembly is driven by the formation of the four weak 
Csp3-Csp3 bonds between the fluorene units, as well as the gauche configuration these units 
have with respect to each other (Fig. 1.21).35 
                                                 
32
 T. Itoh, Prog. Polym. Sci., 2001, 26, 1019. 
33
 L.W. Lin, W. Bromps, T.Y. Ching, J. Polym. Sci. Part A: Polym. Chem., 1993, 31, 3239. 
34
 H. Kurata, T. Tanaka and M. Oda, Chem. Lett., 1999, 749. 
35
 J. Ipaktschi, R. Hosseinzadeh, P. Schlaf, E. Dreiseidler, R. Goddard, Helv. Chim. Acta., 1998, 81, 1821. 
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Fig. 1.21: Acid-catalyzed dimerisation of a quinodimethane derivative35  
 
This spontaneous tetramerisation has been used to synthesize novel nanostructures. The 
polymerisation of the quinodimethanes is accompanied by a colour change to blue-violet which 
is reversible to some extent. The substitution pattern on the fluorene units has been varied to 
create novel subunits for the molecular construction of dendrimers with varying physical 
characteristics. The substitution of ferrocene units onto the fluorenyl moiety produced 
dendrimers that displayed piezochromism – a reversible colour change upon mechanical 
grinding.36 
 
1.7 Synthesis of p-quinone methides 
 
1.7.1 From substituted benzophenones 
 
The synthesis of p-quinone methides generally involves the conversion of an aryl halide to an 
organometallic reagent, followed by the addition of a ketone to form an alcohol. The latter is 
then dehydrated to give the fuchsone. Koutek et al pioneered the synthesis of fuchsones via 
nucleophilic addition of a lithiated analogue to substituted benzophenones (Fig. 1.22).37 
 
 
                                                 
36
 J. Ipaktschi, R. Hosseinzadeh, P. Sclaf, T. Eckert, Helv. Chim. Acta, 2000, 83, 1224. 
37
 B. Koutek, L. Musil, J. Velek, A. Lyčka, D. Šnobl, M. Synáčková and M. Souček, Coll. Czech. Chem. Commun., 1981, 46, 2540; 
CA 92 : 75655a 
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H3C CH3
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(65%)
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H3C
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CH3
Li
Reagents and conditions: i) n-BuLi, ether, reflux, 2h; ii) benzophenone, reflux, 2h, stir at rt, 24h; iii) aq. 
citric acid; iv) MgSO4 / activated charcoal, 15 min reflux, column chromatography 
Fig. 1.22: Synthesis of a highly substituted fuchsone37      
                                         
Oda et al have employed a similar strategy, using 1-bromo-3,5-dimethylphenol (with the 
phenolic OH protected as the trimethyl silyl ester) instead of the corresponding iodo compound 
that earlier researchers used.38 The dilithiated intermediate 1.5 was used in their synthesis of 
various novel para-quinone methides such as 1.6 (Fig. 1.23). 
 
OLi
ButBut
Li
2 +
NMe2Me2N
O O
But
ButBut
But
1.5 1.6
 
Fig. 1.23: Synthesis of a dianionic quinone methide38 
 
1.7.2. From fluorenyls 
 
Fluorenyl derivatives have proved to be useful for the synthesis of quinone methides. For 
example, reaction of 9,9-dichlorofluorene with 2,6-dimethylphenol (Fig. 1.24)38, and also the 
use of bromofluorene in an oxidative synthesis (Fig. 1.25)39 all produced quinone methides in 
moderate to good yields. 
 
 
                                                 
38
 H. Kurata, T. Tanaka, T. Sauchi, T. Kawase and M. Oda, Chem. Lett., 1997, 947. 
39
 H.D. Becker and K. Gustafsson, J. Org. Chem., 1976, 41, 214. 
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Cl Cl
O
H3C CH3
i,ii,iii
 
Reagents and conditions: i) 2,6-dimethylphenol, CS2, AlCl3, TLC; ii) ice-cold citric acid, ether 
extraction; iii) TLC (SiO2 / ether: pet. ether, 8:1 v/v) 
Fig. 1.24: Synthesis of 2,6-dimethyl-4-(9-fluorenylidene)-2,5-cyclohexadien-1-one38 
 
Br
i
H3C CH3
OH
ii
O
CH3H3C
(78%) (85%)
 
Reagents and conditions: i) 2,6-dimethylphenol, heat, -HBr; ii) DDQ, CHCl3 
Fig. 1.25:  DDQ oxidation used in the synthesis of p-quinone methides39  
 
The Wittig synthesis of 2,6-di-tert-butyl-4-(9-fluorenylidene)-2,5-cyclohexadien-1-one has been 
reported by Becker and Gustafsson (Fig. 1.26).39 
PPh3
O
But But
(92%)
OO
But
But
 
Fig. 1.26: Wittig synthesis of p-quinone methides39 
 
1.7.3. p-Quinone methides with pendant tropyl, cyclopropenyl and related groups 
 
p-Quinone methides containing tropyl and cyclopropenyl groups have been reported (Fig. 
1.27).32  Rearomatization of the tropylium and cyclopropenyl cations is the driving force for the 
reactions. 
 
  
16 
O O
 
Fig. 1.27:  Fuchsones containing tropyl and cyclopropenyl groups32 
 
The same principle has been exploited by other researchers in their synthesis of fuchsones. 
Treatment of the tropylium bromide salt with anthrone gave a dark blue tropylium salt, which 
on treatment with triethylamine in acetonitrile, yielded the p-quinone methide (Fig. 1.28).3 
O
i
OH
ii
OO
Br
Br
iii
(70%)
Br
 
Reagents and conditions: i) Oxalyl bromide, reflux; ii) anthrone (1 equiv.), heat, -HBr; iii) NEt3, CH3CN 
Fig. 1.28:  Synthesis of tropylium p-quinone methide3 
 
This study was extended to include quinone methides containing the dibenzosuberone 
nucleus, as depicted in Fig. 1.29. 
O
But But
O O O
 
Fig. 1.29:  Fuchsones containing 7-membered rings3 
 
When the perchlorate salt derived from a dibenzosuberenyl alcohol was treated with 
triethylamine according to the above procedure, the corresponding p-quinone methide could 
be isolated (Fig. 1.30).32 
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OH
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Reagents and conditions: i) NEt3 
Fig. 1.30:  Synthesis of dibenzosuberenyl p-quinone methides32   
 
Like the fluorene nucleus, the dibenzosuberone moiety is also able to readily form the 
dichloride even though it is very labile and moisture sensitive. It undergoes a similar reaction to 
that discussed in Fig 1.24, giving the fuchsone in good yield.40 The increased steric bulk of the 
dibenzosuberone nucleus is not detrimental. No methods for synthesizing fuchsones derived 
from the xanthone nucleus were found in the literature. 
 
1.7.4 Dealkylation reactions 
 
The use of quinone methides as bioalkylating agents in biological systems has been hampered 
by the fact that precursors are often not hydrolytically stable. Carbonate protecting groups for 
p-hydroxybenzyl halides (such as α-methylnitroveratryl carbonate and 2-nitrobenzyl carbonate) 
have been found to display increased hydrolytic stability over ether-linked derivatives, allowing 
for the rational design of quinone methide precursors that exhibit an increased half-life in water 
and therefore also under biological conditions (Fig. 1.31).41 
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Fig. 1.31: Mechanism of formation of quinone methides from protected phenols under 
aqueous conditions41 
 
 
 
 
                                                 
40
 J.J. Looker, J. Am. Chem. Soc., 1966, 31, 3599. 
41
 R.G. Dyer, K.D. Turnbull, J. Org. Chem., 1999, 64, 7988. 
  
18 
1.7.5 Photochemical methods 
 
Fuchsones can be synthesized in quantitative yields by solid-state thermal or photochemical 
dehydration of the corresponding p-hydroxyphenylmethanols. The crystal packing of the p-
hydroxyphenylmethanols (Fig. 1.32), involves hydrogen bonding between the phenolic 
hydroxyl group and the alcoholic hydroxyl of a neighbouring molecule, thus aligning the 
reactive groups perfectly for dehydration to form the corresponding fuchsone.42 
 
HO OH
X
X
O
X X
i or ii
X = CH3 or Br
(90-100%)
 
Reagents and conditions: i) Thermal dehydration: heating solid to 110°C for 24h; ii) Photochemical  
dehydration: Irradiation with Hg-lamp at 254 nm 
 
Fig. 1.32: Solid-state thermal/photochemical dehydration driven by crystal packing42 
 
In the solid state the rings of these quinone methides are twisted in an asymmetric sense so 
that the molecules exhibit chirality. The solids crystallize into three distinct conformations, α, β 
or γ, that have been separated and characterized by X-ray crystallography.43,44 Photolytic 
conversions of small-ring lactones, obtained from treatment of diphenyl ketene with p-
benzoquinone, to p-quinone methides have also been achieved (Fig. 1.33).45 
 
O
O
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C
O
i, ii
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O
iii C
O
Reagents and conditions: i) 2h at 0ºC, THF; ii) 0ºC to rt, 15h; iii) photolysis, -CO2
(52%) (quantitative)
 
Fig. 1.33:  Photochemical synthesis of p-quinone methides from spiro lactones45 
 
More recently, Cleridau et al reported the rearrangement of benzannulated enone spiro ethers 
                                                 
42
 T.W. Lewis, D.Y. Curtin, I.C. Paul, J. Am. Chem. Soc., 1979, 101(19), 5717. 
43
 T.L. Lewis, I.C. Paul, D.Y. Curtin, Acta Cryst. B., 1980, 36, 70. 
44
 E. Duesler, T.W. Lewis, D.Y. Curtin and I.C. Paul, Acta Cryst. B., 1980 36, 166. 
45
 J.L. Chitwood, P.G. Gott, J.J. Krutch, Sr. and J.C. Martin, J. Org. Chem., 1971, 36(16), 2216. 
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to the corresponding quinone methides (Fig. 1.34).46 
O
H
Cl O
Cl
H
     silca gel
chromatography
(low yield)
 
Fig. 1.34: Photochemical synthesis of p-quinone methides from spiro ethers46 
 
Unfortunately, photochemical processes for the synthesis of quinone methides are plagued by 
low yields. 
 
1.7.6 The synthesis of thioquinone methides 
 
The synthetic strategy that was used for fuchsones has been applied to the synthesis of the 
first isolable unannulated thioquinone methides. These compounds are stabilized by the steric 
protection afforded by bulky tert-butyl groups adjacent to the thiocarbonyl moiety. Previously, 
thioquinone methides could only be isolated when stabilized with annulated benzene rings or 
with electron withdrawing cyano groups attached at the 7-position. The synthesis and reactions 
of these compounds have been described by Itoh et al.47 The first synthesis of unannulated 
thioquinone methides based on a similar methodology developed for the synthesis of quinone 
methides, was reported by Oda (Fig. 1.35).48  
 
SH
ButBut
Br
SLi
ButBut
Li
SLi
ButBut
S
ButBut
RR
i ii iii
1: R = CH3
2: R = N(CH3)2
Ar
OH
Ar
 
Reagents and conditions: i) t-BuLi (3 equiv.), -50°C, THF; ii) substituted benzo phenone; iii) CuSO4, 
benzene or SiO2 
Fig. 1.35: Synthetic strategy for unannulated thioquinone methides48 
                                                 
46
 S. Cleridou, C. Covell, A. Gadhia, A. Gilbert and P. Kamounawin, J. Chem. Soc. Perkin Trans. 1, 2000, 1149. 
47
 T. Itoh, K. Fujikawa, M. Kubo, J. Org. Chem., 1996, 61, 8329. 
48
 R. Suzuki, H. Kurata, T. Kawase, M. Oda, Chem. Lett., 1999, 571. 
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These compounds displayed intense absorptions in the visible region with large bathochromic 
shifts compared to that of the corresponding quinone methides. They also display positive 
solvatochromism. 
 
1.7.7 Extended p-quinone methides 
 
The synthesis of “para-extended” p-quinone methides has been reported.49 In these 
compounds a phenyl group was introduced as a spacer group to extend the conjugation in the 
molecules. These compounds were evaluated as potential electron-acceptors in organic 
conducting materials (Fig. 1.36). 
O
O
But But
2 +
MgBr
MgBr
O
But But
HO
OH
O
But But
OH
ButBut
OH
But But
O
But But
O
But But
i ii iii
 
Reagents and conditions: i) 1,4-dibromobenzene, THF, Mg, 17h; ii) Zn/HCl; iii) PbO2 [O] 
Fig. 1.36:  Synthesis of highly conjugated p-quinone methides49 
 
Interestingly, the extended quinone methide in Fig. 1.36 crystallised as deep green coloured 
flakes that, upon washing with petroleum ether and drying, changed colour to violet. In 
solution, the colour is violet, while at the melting point (240°C) decomposition occurs with the 
colour changing from red to brown. 
 
1.7.8 Photoswitchable p-quinone methides 
 
Oda et al have reacted the dilithiated intermediates prepared from halophenols (Fig. 1.23) with 
a large array of organic ketones to form quinone methides with interesting properties. For 
example, a reaction with anthraquinone produced an extended quinone methide with 
photoswitchable properties (Fig. 1.37).50 
                                                 
49
 J. Zhou and A. Rieker, J. Chem. Soc. Perkin Trans 2, 1977, 931. 
50
 H. Kurata, T. Shimoyama, K. Matsumoto, T. Kawase and M. Oda, Bull. Chem. Soc. Jpn., 2001, 74, 1327. 
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O
ButBut
O
ButBut
O
ButBut
O
ButBut
hv
dark
(or hv)
 
Fig. 1.37: Photochemical/thermal photoswitchable extended quinone methide50 
 
1.7.9 Thioether conjugated p-quinone methides 
 
As discussed in Section 1.2, oxidation of 4-substituted phenols is the most common method for 
synthesizing quinones and p-quinols. Fig. 1.38 depicts the oxidation of alkyl thioether-
substituted phenols by potassium ferricyanide in basic medium, to afford the p-quinone 
methides.51,52 This is a very efficient synthesis using inexpensive reagents. 
 
OH
H3C S
S
C8H17
C8H17
O
H3C S C8H17
S C8H17
OH
But But
S R
O
But But
S R
i
R = CH2 C
O
O
i
 
Reagents and conditions: i) K3[Fe(CN)6], KOH, rt 
Fig. 1.38:  Synthesis of p-quinone methides by K3[Fe(CN)6] oxidation of phenols51,52 
 
The above provides a general introduction to the chemistry of p-quinone methides. More 
specific aspects of their chemistry are reviewed by way of short introductions to each of the 
following chapters. 
 
 
 
                                                 
51
 H. Meier and H. Kuenzi, Helv. Chim. Acta, 1994, 77, 655. 
52
 H. Meier and H. Kuenzi, Phosphorous, Sulfur and Silicon, 1995, 107, 119. 
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Chapter 2: p-Quinone methide formation from 5-(p-alkyloxyaryl)-10,11-dihydro- 
5H-dibenzo[a,d]cyclohepten-5-ols and related compounds. 
 
 
2.1   Introduction 
 
Methylation is one of the essential tools in the repertoire of a natural products chemist. The 
protection of the hydroxy moiety as the methyl ether is easily accomplished, but the cleavage 
of the protective group is much more difficult – especially if the substrate is acid-sensitive. The 
general methods of demethylation have been reviewed.1 The reagents for demethylation can 
be broadly grouped into six categories:  
1) Acidic reagents such as HCl, HBr, HI and pyridine hydrochloride.2 
2) Lewis acids, e.g. AlCl3 and AlBr3, BCl3 and BBr3.3,4,5 
3) Organometallic reagents like CH3MgI or metallic Li and Na (in liquid ammonia). 
4) Silicon reagents such as trimethylsilyl iodide with NaI, as well as (CH3)3SiSPh with ZnI and 
tetrabutylammonium iodide.6
 
5) Nucleophilic reagents – CH3CH2S- in DMF or sodium cyanide in DMSO.7,8 
6) Neutral reagents [such as cerium(III) chloride/ NaI] cleave methoxyl groups ortho to formyl, 
acetyl, benzoyl, methoxycarbonyl and nitro groups in refluxing acetonitrile.9  
 
2.2 The synthesis of p-quinone methides by O-dealkylation 
 
2.2.1 The synthesis of 4-(6H-dibenzo[b,e]oxepin-11-ylidene)cyclohexa-2,5-dienones and 
their thio-analogues 
 
The dibenzo[b,e]oxepin nucleus forms the basic building block of many compounds exhibiting 
biological activity; the most well-known derivative being the antidepressant doxepin (11-(3-
dimethylaminopropylidene)-6H-dibenzo[b,e]oxepin hydrochloride). Other derivatives display 
anti-allergenic and anti-histamine effects in the body e.g. cyprohepradine (Periactin®) 
(Fig. 2.1).10 
 
 
 
                                                 
1
 M.V. Bhatt and S.U. Kulkarni, Synthesis, 1983, 253. 
2
 A.R. Ruiz, P. Rocca, F. Marsais, A. Godard and G. Quéguiner, Tet.Lett., 1997, 38(5),6205. 
3
 T. Akiyama, H. Shima and S. Ozaki, Tet. Lett., 1991, 32(40), 5593. 
4
 E. G. Paul and P. S. C. Wang, J.Org. Chem., 1979, 44, 2307. 
5
 D. H. R. Barton, L. Bould, D. L. J. Clive, P. D. Magnus and T. Hase, J. Chem. Soc. C, 1971, 40, 2204. 
6
 M.E. Jung and M.A. Lyster, J. Org. Chem., 1977, 42(23), 3761. 
7
 J. R. McCarthy, J. L. Moore and R.J. Cregge, Tet. Lett., 1978, 52, 5183. 
8
 M. Node, K. Nishide. K. Fuji and E. Fujita, J.Org. Chem., 1980, 45, 4275.  
9
 J.S. Yadav, B.V. Subba Reddy, C. Madan and S.R. Hashim, Chem. Lett., 2000, 738. 
10
 Pharmaceutical Chemistry, (1988), Vol.1, Drug Synthesis, H.J. Roth, A. Kleeman, T. Beisswenger, Ellis Horwood Ltd 
(Publishers), Chichester, England. 
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O
HC
N(CH3)2.HCl
Doxepin
N
CH3
Periactin
 
Fig. 2.1: Structures of doxepin and periactin10 
 
A series of substituted 11-(4-methoxyphenyl)-6,11-dihydrodibenzo[b,e]oxepin-11-ols and thio-
analogues was synthesized as part of a study of the photochemical and thermal Stieglitz-ring-
expansion of 11-azido-11-(4-methoxy-phenyl)-6,11-dihydro-dibenzo[b,e]oxepines to form 8-
membered tricyclic heteroaryl systems.11 The azides were synthesized from the alcohols by 
treating a dichloromethane solution of the alcohol with excess sodium azide (NaN3) and 
trifluoroacetic acid (TFA) and stirring at room temperature for 72 hours. 
 
However, when a dichloromethane solution of 11-(4-methoxyphenyl)-6,11-
dihydrodibenzo[b,e]oxepin-11-ol (X = CH2; Y = O) was subjected to these reaction conditions, 
a mixture of the p-quinone methide, 4-(6H-dibenzo[b,e]oxepin-11-ylidene)cyclohexa-2,5-
dienone (X = CH2; Y = O) and the azide (11-azido-11-(4-methoxy-phenyl)-6,11-dihydro-
dibenzo[b,e]oxepine) was obtained (Fig. 2.2). 
 
YX
HO
OCH3
YX
OCH3
YX
N3
OCH3
YX
O
i ii, iii
iv, v
X= CH2; Y = O
X = CH2; Y = S
 
Reagents and conditions: i) Excess of CF3CO2H, rt; ii) NaN3, CH2Cl2; iii) aq. workup; iv) TFA,  
CH2Cl2, rt, 3 days; v) aq. NaOH workup. 
Fig. 2.2: Synthesis of 11-azido-11-(4-methoxy-phenyl)-6,11-dihydro-dibenzo[b,e]oxepine, 4-
(6H-dibenzo[b,e]oxepin-11-ylidene)cyclohexa-2,5-dienone and 4-(6,11-dihydro-
dibenzo[b,e]thiepin-11-ylidene)-cyclohexa-2,5-dienone 
 
                                                 
11
 M.R. Jorgensen, Ph.D. Thesis, Studies on 11-aryl-11-azido-6,11-dihydrodibenz[b,e]oxepins and their sulfur analogues, 
University of Port Elizabeth, 1998. 
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These seven-membered ring quinone methides are highly conjugated, intensely coloured 
compounds, representing a new class of fuchsones. The current study developed from an 
earlier investigation into the functionalisation of the pendant quinoid ring via Diels-Alder, 
photochemical and carbenoid reactions, into an investigation of the general chemistry of these 
novel p-quinone methides (Chapters 3 and 4).  
 
Five- and six-membered ring anisyl alcohols did not undergo demethylation to the 
corresponding dienones, in contrast to the seven-membered ring analogues. Fig. 2.3 depicts 
representative examples of the alcohols that failed to form dienones when TFA was used as 
the demethylating agent. In each case only unreacted starting material was recovered upon 
workup. 
 
O
HO
OCH3
HO
OCH3
S
HO
OCH3
HO
OCH3
HO
OCH3
OH
H3CO
2.2 2.32.1 2.4 2.5
 
Fig. 2.3: Five-and six-membered anisyl alcohols that were stable to demethylation 
 
A range of seven-membered ring alcohols were synthesized (Fig. 2.4) with varying substitution 
patterns in order to determine the effect (if any) of substituents and stereochemistry on the 
demethylation reaction.  
 
XH
CO2H
X
X
O
X
HO
OCH3
i,ii iii iv,v,vi
Reagents and conditions: i) NaH, DMF, reflux; ii) phthalide, DMF, reflux; iii) TFAA, BF3.Et2O, 
X=O or PPA, X=S; iv) p-bromoanisole, Mg, THF; v) aq. NH4Cl; vi) preparative TLC or recrystallization
X = O, S 2.6 X = O
2.7  X = S
 
Fig. 2.4: Synthesis of 11-(4-methoxyphenyl)-6,11-dihydrodibenzo[b,e]oxepin-11-ols and their 
thio-analogues 
 
Fig. 2.5 depicts the series of alcohols (2.6 to 2.20) that were synthesized.12 
 
 
                                                 
12
 J.H. Taljaard, M.Sc dissertation, Dealkylation of 5-(p-alkyloxyaryl)-10,11-didhydro-5H-dibenzo[a,d]cyclohepten-5-ols and related 
compounds, University of Port Elizabeth, 2001. 
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Y = O; R1 = R3 = CH3; R2 = H        2.15
   = O; R1 = R3 = CH3; R2 = Cl        2.16 
   = O; R1 = Cl; R2=R3=H                2.17
Ar = phenyl        2.18
     = mesityl       2.19
     = naphthyl     2.20
YX
HO
OCH3
X-Y = CH2-O              2.6
       = CH2-S              2.7
       = CH=CH            2.8
       = CH2CH2           2.9
       = CH=CBr           2.10
X-Y = CH2-CH2; R1=R2=CH3         2.13
       = CH2-CH2; R1=H; R2= OCH3 2.14
X-Y = CH=CH       2.11
       = CH2-CH2     2.12
YX
HO
OCH3
YX
HO
R1 OCH3
R2
Y
R1
R2OH
H3CO
C
OH
Ar
OCH3
R3
 
Fig. 2.5: Series of alcohols synthesized 
 
The structures of some of the dienones that were prepared from the precursors in Fig. 2.5 are 
depicted in Fig. 2.6. Aspects of the demethylation reaction were investigated using 
computational methods in order to identify possible reactive intermediates and reasons for the 
observed reactivities (Sections 2.3. and 2.4). 
 
YX
O
1
2
3
4
5
67
8
9
10 11
12
13
14
15
16 17
181920
21
YX
O
X-Y = CH2-O              2.21
       = CH2-S              2.22
       = CH=CH            2.23
       = CH2CH2           2.24
       = CH=CBr           2.25
YX
O
X-Y = CH=CH       2.26
       = CH2-CH2     2.27
YX
O
R1R2
X-Y = CH2-CH2; R1=R2=CH3          2.28
       = CH2-CH2; R1=H; R2= OCH3  2.29
Y
O
R1
R3
Y = O; R1 = R3 = CH3; R2 = H        2.30
   = O; R1 = R3 = CH3; R2 = Cl        2.31 
   = O; R1 = Cl; R2=R3=H                2.32
R2
A B C
O
Ar
Ar = phenyl        2.33
     = mesityl       2.34
     = naphthyl     2.35
 
Fig. 2.6: Series of p-quinone methides synthesized 
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2.2.2 Synthesis of 4-(Dibenzo[a,d][1,4]cycl oocten-5-ylidene)cyclohexa-2,5-dienone 2.37 
 
The results of demethylation experiments on substrates of varying central ring size seem to 
indicate that a correlation exists between the size of the central B-ring in the tricyclic system of 
the alcohol and its propensity to form the dienone. The central ring of the tricyclic system was 
therefore expanded to eight carbons by synthesizing 5-hydroxy-5-(4-methoxy-
phenyl)dibenzo[a,d][1,4]cyclooctadiene 2.36 according to the procedure of Winthrop et al (Fig. 
2.7), who first prepared derivatives of dibenzo[a,d][1,4]cyclooctadiene in order to test their 
psychotropic acitivity and compare it with that of the dibenzo[a,d][1,4]cycloheptadiene series.13 
The conformational behaviour of the corresponding eight-membered alkane has been studied 
by analysis of its temperature-dependent NMR spectra.14  
 
The preparation of dibenzo[a,d][1,4]cyclooctadiene involved treatment of 2-formylbenzoic acid 
acid with phenylethylmagnesium bromide to form 3-(2-phenylethyl)phthalide, which was 
reduced with hydroiodic acid and red phosphorous to afford 2-(3-phenylpropyl)benzoic acid 
(Fig. 2.7). The benzoic acid was cyclodehydrated with polyphosphoric acid to 6,7-
dihydrodibenzo[a,d][1,4]cyclo-octen-12(5H)-one. Alcohol 2.36 was prepared by a Grignard 
reaction of p-bromoanisole with 6,7-dihydrodibenzo[a,d][1,4]cyclo-octen-12(5H)-one. Dienone 
2.37 was obtained by demethylating 2.36 with TFA. The unoptimized yield of 10% is low when 
compared to that of the 11-(4-methoxyphenyl)-6,11-dihydrodibenzo[b,e]oxepin-11-ols, but 
unreacted alcohol was recovered from the chromatographic purification. 
 
CHO
COOH
O
O
MgBr COOH O
HO
OCH3O
i ii iii
iv
v
Reagents and conditions: i) Phenylethylmagnesium bromide, ether, reflux; ii) HI, red P;
iii) PPA, 170°C, 2.5h; iv) p-bromoanisole, Mg, THF, reflux; v) TFA, CH2Cl2, 72h, rt.
2.362.37
(10%) (56%)
 
Fig. 2.7: Synthesis of dibenzo[a,d][1,4]cyclooctadien-5-one 
 
 
                                                 
13
 S.O. Winthrop, M.A. Davis, G.S. Myers, J.G. Gavin, R.A. Thomas and R. Barber, J. Org. Chem., 1962, 27, 230. 
14
 F.E. Elhadi, W.D. Ollis and J.F. Stoddart, J. Chem. Soc., Perkin I, 1978, 1415. 
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2.3   Synthesis of p-quinone methides  
 
2.3.1   The effect of varying the alkoxy group12  
 
The demethylation reagent, TFA, was effective in dealkylating groups other than methyl. 
Benzyloxy, p-chlorobenzyloxy and n-butyloxy groups could all be cleaved from seven-
membered B-ring alcohols to form the corresponding dienone in good yield (Fig. 2.8, Table 
2.1).  
 
HO
OR O
2.24
 
Reagents and conditions: TFA, CH2Cl2, rt, 3 days 
Fig. 2.8: Synthesis of dienone 2.24 from 5-(4-alkoxyphenyl)-10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-5-ols12 
 
Table 2.1: Yields of dienone 2.24 from 5-(4-alkoxyphenyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-
ols12 
R 2.24 / % 
n-Butyl 
 (51)  
Benzyl  (55) 
p-Chlorobenzyl 
 (50) 
Methyl  (91) 
 
2.3.2   The effect of substitution on the B-ring12 
 
The structure of the bridging unit in the central seven-membered ring (CH2CH2, CH=CH, CH2O 
or CH2S) has no influence on the demethylation reaction (Fig. 2.9, Table 2.2). 
 
YX
HO
OCH3
YX
O
 
Reagents and conditions: TFA, CH2Cl2, rt, 3 days 
Fig. 2.9: Synthesis of p-quinone methides12 
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Table 2.2: Yields of dienones from alcohols 2.6 – 2.912 
Alcohol X-Y Dienone / % 
2.6 CH2O  2.21 (60) 
2.7 CH2S  2.22 (55) 
2.8 CH=CH  2.23 (35) 
2.9 CH2CH2  2.24 (91)  
  
 
2.3.3   The effect of substitution on the pendant aromatic ring 
 
The effect of substitution in the pendant aromatic ring was investigated (Fig. 2.10). The 
location of methyl and/or methoxy groups ortho to the incipient carbonyl position had little 
influence on the O-demethylation reaction. In the case of a 3,4-dimethoxyphenyl system (e.g. 
alcohol 2.14, Section 2.5, Fig. 2.20), only the p-methoxy group was cleaved with TFA to form 
quinone methide 2.29. Increasing the steric bulk of the pendant aromatic group by substituting 
dibenzosuberone with 4-methoxynaphthalene, had no adverse effect on demethylation and 
dienones 2.26 and 2.27 were formed smoothly from the alcohol precursors (Table 2.3). 
 
YX
HO Ar
YX
O
R1 R2
YX
O
or
2.26-2.27 2.28-2.29
 
Reagents and conditions: TFA, CH2Cl2, rt, 3 days 
Fig. 2.10: Synthesis of p-quinone methides 
 
Table 2.3: Yields of dienones 
Alcohol X-Y Dienone / % 
2.6 CH2CH2  2.26 (91) 
2.7 CH=CH  2.27 (85) 
2.8 CH2CH2  2.28 R1 = R2 = CH3 (71) 
2.9 CH2CH2  2.29 R1 = H; R2 = OCH3 (56)  
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2.3.4   The effect of the size of the central B-ring 
 
The size of the central B-ring in the tricyclic moiety appears to influence the demethylation 
reaction since five- and six-membered B-ring p-methoxy alcohol analogues do not undergo 
demethylation with TFA to form the corresponding dienones (Fig. 2.3). 
 
The reasons for the observed correlation between the size of the B-ring and the ease of 
demethylation were explored further in a computational study. 
 
2.4 A computational study on the mechanism of p-quinone methide formation 
 
2.4.1 Proposed mechanism 
 
A likely mechanism for the formation of the dienones e from the alcohols a, is as follows: 
 
X
HO
OCH3
X
O
OCH3
H
H
X
OCH3
1
7
X
OCH3
X
H3CO OH
X
O
X
H
OCH3
H -H2O
-H2O/ H
H3O
a b c c'
def
X
2.1   CH2
2.2   O
2.3   fluorenyl
2.6   CH2O
2.7   CH2S
2.8   CH=CH
2.9   CH2CH2
2.18  trityl
X
OH
g
-CH3OH
 
Fig. 2.11: Mechanism for the demethylation of p-anisyl alcohols using TFA 
 
Protonation of the alcohol a leads to formation of the carbocation c.  The cation is trapped by 
water, giving the hemiacetal d which undergoes hydrolysis to the dienone e.  
 
All the alcohols listed in Fig. 2.11 readily form the corresponding carbocations 2.1c-2.18c 
when dissolved in acid, as evidenced by characteristic colour changes.  However, the 
dienones e are readily formed from only 2.6a - 2.9a and 2.18a, and not at all from 2.1a, 2.2a 
and 2.3a. 
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In order to explain the differences in reactivity between the anisyl alcohols of varying B-ring 
size, a number of factors need to be taken into account: 
 
 
 
 
(i) Differences in the stabilities of the carbocations c 
 
If a cation were to experience exceptional stabilization, its rate of reaction with H2O could be 
retarded, possibly to the extent that no reaction might take place. 
 
(ii) The delocalization of the positive charge 
 
The positive charge in the cation c could be delocalized over all, some, or none of the 
adjoining aromatic rings, depending on whether the orientation of the ring is such that 
conjugation is possible, i.e., when the ring is coplanar with the planar benzylic carbocation.  
Clearly, in order for the hemiacetal d to form, the anisyl ring is required to be (nearly) coplanar 
with the carbocation center, thereby allowing delocalisation of the positive charge to the para-
carbon (resonance structure c’), thereby rendering this position sufficiently electrophilic to 
react with water. 
 
(iii) Frontier molecular orbital theory (FMO) 
 
According to the frontier molecular orbital (FMO) approach to chemical reactivity, reaction of 
the nucleophile H2O with the carbocation c requires a bonding interaction between the highest 
occupied molecular orbital (HOMO) of the nucleophile with the lowest unoccupied molecular 
orbital (LUMO) of the cation.  It is possible that significant variations in the properties of the 
LUMO’s through the series of cations could occur, leading to differences in regioselectivity. 
 
(iv) Relative energies 
 
The relative energies of the hemiacetals d compared with the alcohols a could be a 
determining factor for whether the dienones are formed or not. 
 
All of these potential effects are amenable to investigation through computational methods. 
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2.4.2   The effect of geometry on relative stabilities 
 
2.4.2.1   Carbocation stabilities 
 
We have attempted to rank the carbocations 2.1c-2.18c in a relative stability order.  This was 
accomplished by calculating the stability of each carbocation c relative to an uncharged 
precursor such as the alkane f as follows: 
 
∆Hf(c) – ∆Hf(f) (kJ.mol-1) 
 
These values were then used to estimate stabilization energies (SE) which reflect the variation 
in carbocation stabilities relative to a reference carbocation (the trityl cation derivative 2.18c 
was selected for this purpose), computed as follows: 
 
  SE   =   [∆Hf(c) – ∆Hf(f)] – [∆Hf(2.18c) – ∆Hf(2.18f)] 
 
In effect, the stabilization energy (SE) reflects the enthalpy change associated with the 
following reaction: 
                         2.1-2.9f   +    2.18c   →  2.1-2.9c   +   2.18f 
PM3 semi-empirical heats of formation of the various intermediates in the reaction mechanism 
are tabulated in Table 2.4. The total energies of the same intermediates calculated at the ab 
initio MP2/6-31G*//B3LYP/6-31G* level of approximation are given in Table 2.5. 
 
Table 2.4:  PM3 heats of formation (kJ.mol-1). 
 
Structure 
 
2.1 
 
2.2 
 
2.3 
 
2.6 
 
2.7 
 
2.8 
 
2.9 
 
2.18 
a 129.75 24.05 172.51 31.81 203.41 237.02 142.84 153.13 
b -21.64 -131.12 14.84 -109.79 64.60 92.68 2.05 5.41 
c 634.19 508.27 697.26 541.73 721.36 742.18 648.62 669.13 
d 872.57 747.36 936.59 785.28 962.53 982.03 889.02 906.42 
f 30.89 -64.74 80.10 -77.42 87.39 129.30 25.88 48.87 
g 254.70 178.54 303.40 141.33 306.75 342.15 248.08 267.07 
 
 
Table 2.5:  MP2/6-31G*//B3LYP/6-31G* total energies (hartrees). 
 
 
 
2.1 
 
2.2 
 
2.3 
 
2.6 
 
2.7 
 
2.8 
 
2.9 
 
2.18 
a 
-883.43562 -919.29535 -844.27157 -958.45101 -1281.06145 -921.41323 -922.59719 -845.42454 
d 
-882.62310 -918.49646 -843.44666 -957.63187 -1280.24055 -920.59234 -921.77838 -844.61665 
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Table 2.6 shows the SE’s calculated for the cations at the semiempirical (PM3) level of 
approximation. 
 
Table 2.6: PM3 stabilisation energies and selected structural properties of the cations 2.1c-2.18c. 
Cation SE / kJ.mol-1 Bond length / Å Torsion angles / º Mulliken charges 
 /H /OH An*−C+ An−C+ Ar1−C+ Ar2−C+ C7# C1 # C1§ An¶ 
2.1c -10.5 -6.8 1.46 68 2 2 0.39 0.16 0.07 0.48 
2.2c -30.0 -22.5 1.46 63 2 2 0.34 0.16 0.07 0.45 
2.8c -8.3 -11.6 1.40 3 59 59 0.38 0.27 0.19 0.77 
2.9c -7.1 -14.0 1.40 6 68 52 0.40 0.27 0.19 0.80 
2.18c 0.0 0.0 1.42 24 41 38 0.38 0.24 0.16 0.69 
2.6c 0.2 -5.9 1.41 11 48 63 0.38 0.26 0.18 0.75 
2.7c 5.8 -3.1 1.40 8 53 72 0.37 0.28 0.19 0.79 
2.3c 10.8 20.7 1.41 22 3 3 0.38 0.25 0.16 0.72 
* An represents the p-anisyl ring and Ar1 and Ar2 the two aromatic rings that make up the tricyclic (excepting trityl) nucleus. 
§
 Mulliken charge difference: (cation c – alkane f).  
¶
 The total Mulliken charge on the anisyl ring.  
# For numbering order see Fig. 2.11. 
 
The following relative stability order was obtained at the PM3 level (Table 2.6): 
 
  2.2c > 2.1c > 2.8c ~ 2.9c > 2.18c ~ 2.6c > 2.7c > 2.3c 
 
In the cation 2.2c the fused tricyclic system is planar, with the result that extensive 
delocalisation of the positive charge over the two aromatic rings as well as the ring oxygen 
atom occurs.  The p-anisyl ring is twisted 63° from this plane as a result of steric contacts 
between its ortho-hydrogens and the peri-hydrogens on the tricyclic system. 
 
The geometry of the cation 2.1c is very similar to 2.2c.  However, its stabilization energy is 
almost 20 kJ.mol-1 lower owing to the loss of the resonance stabilization contribution from the 
ring oxygen.   
 
Although the stabilization energies of the cations 2.8c and 2.9c are similar to 2.1c, their 
geometries are very different.  Firstly, the aromatic rings in the tricyclic systems are 
significantly twisted from the cation center, which severely restricts their ability to delocalise the 
positive charge.  This function is instead performed by the p-anisyl group, which adopts a 
coplanar orientation with respect to the carbocation.  This geometry is possible since the 
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tricyclic system is bent at the carbocation center (the Ar-C+-Ar angle is ca. 114°), which 
minimizes potential steric contacts between the anisyl ring and the peri-hydrogens. 
 
The trityl derivative 2.18c is calculated to be propeller-shaped, with the anisyl ring twisted 24° 
and the two phenyl rings ca. 40° with respect to the planar carbocation center.  
The cations 2.6c and 2.7c are similar in shape to 2.8c and 2.9c.  The tricyclic moiety in cation 
2.3c is planar as in 2.1c and 2.2c, but the anisyl ring is twisted only 22° from the plane.  It is 
possible for the anisyl ring to approach coplanarity since the structure of the tricyclic system is 
such that peri-hydrogens are to some extent directed away from each other (the separation 
between the peri-hydrogens in 2.3c is 5.82Å compared with 4.97Å in 2.1c and 5.12Å in 2.2c).   
 
There is a clear correlation between the torsion angle of the anisyl ring and its bond length to 
the cationic carbon; the greater the degree of coplanarity and hence delocalisation, the shorter 
the bond. 
 
2.4.2.2   Stability of alkanes versus alcohols 
 
Caution should be exercised in attributing the SE differences exclusively to variable 
stabilization effects in the carbocations.  It is found that a different stability order results when 
the calculation of SE’s is based on differences between the heats of formation of the 
carbocations and the appropriate alcohols rather than alkanes.   
 
2.2c > 2.9c > 2.8c > 2.1c ~ 2.6c > 2.7c > 2.18c > 2.3c 
 
This effect can be attributed to electronic and strain effects (probably mainly the latter) that 
influence the stabilities of the alkane and alcohol precursor series in variable ways. For 
example, in the alkane 2.9f the more stable conformers are those in which the fused tricyclic 
ring system is somewhat folded (i.e., the planes of the two aromatic rings describe an angle of 
roughly 139° with respect to each other), while a more flattened extended structure (where the 
corresponding angle is roughly 160°) is slightly less stable.  The opposite is true of the alcohol 
2.9a where the extended conformers are more stable.  This can be attributed to destabilization 
of the folded structure as a result of steric congestion.  There is a 1.9 Å contact distance 
between the hydroxy group and a peri-hydrogen in this structure while the closest approach is 
only 2.4 Å for the extended geometry.  The structure of the related carbocation 2.9c is folded. 
Also in the trityl system the structure of the alkane 2.18f is such that the planes of the three 
aromatic rings are coincident with the Ar3C-H bond, while in the alcohol 2.18a they are twisted 
(i.e. the structure is propeller-shaped), as is the case for the carbocation 2.18c, except that in 
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the latter case the rings are closer to coplanar. However, in all other cases the structure of the 
alkane closely resembles that of the alcohol. 
 
Table 2.7: MP2/6-31G*//B3LYP/6-31G* stabilisation energies† and selected structural properties of the 
cations 2.1c-2.18c 
Cation SE / kJ.mol-1 Bond length / Å Torsion angles / º Mulliken charges 
  An¶−C+ An−C+ Ar1−C+ Ar2−C+ C7 C1 C1§ An†† 
2.2c -23.6 1.46 51 0 1 0.20 0.48 0.05 0.22 
2.18c 0.0 1.43 28 36 36 0.22 0.51 0.08 0.35 
2.1c 12.1 1.46 53 1 2 0.17 0.48 0.05 0.21 
2.9c 28.7 1.42 9 41 62 0.13 0.53 0.10 0.48 
2.6c 29.5 1.43 11 34 57 0.12 0.52 0.09 0.45 
2.7c 34.1 1.42 13 36 66 0.11 0.52 0.09 0.46 
2.8c 34.1 1.43 5 51 51 0.14 0.52 0.09 0.46 
2.3c 44.7 1.42 33 0 1 0.14 0.51 0.08 0.40 
†
 Calculated relative to the series of alkanes f.  
¶
 An represents the p-anisyl ring and Ar1 and Ar2 the two aromatic rings that make up the tricyclic (excepting trityl) nucleus. 
§
 Mulliken charge difference: (cation c – alkane f).  
††The total Mulliken charge on the anisyl ring. 
 
Compared to that obtained at the PM3 level, the MP2/6-31G*//B3LYP/6-31G* SE order is 
different, with the positions of 2.8c and 2.18c being most significantly shifted.  The DFT 
calculations result in greater stabilization for 2.18c and less for 2.8c. 
 
2.2c > 2.18c > 2.1c > 2.9c ~ 2.6c > 2.7c ~ 2.8c > 2.3c 
 
The structures obtained for the cations at the B3LYP/6-31G* level are similar to those that 
resulted at the PM3 level, except that the anisyl–C+ bonds are found to be slightly longer.  The 
anisyl ring is significantly less twisted from the plane of the cation center in 2.1c and 2.2c, and 
more twisted in 2.3c. 
 
There is no obvious correlation between the calculated stabilization energies of the 
carbocations and their tendencies to form dienones. For example, while 2.2c is relatively 
stabilized, which could account for its failure to form the hemi-acetal, the carbocation 2.3c is 
relatively destabilized and yet does not react to form the corresponding dienone either.  
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2.4.3 Charge delocalisation in the carbocations 
 
Formation of the acetal d requires the carbon bearing the methoxy group (C7) to be 
electrophilic.  This will be the case if the positive charge is delocalised from the benzylic 
carbon C1 to C7, but this is possible only if the anisyl ring is coplanar with the benzylic carbon.  
As was shown earlier, this orientation are adopted in some cations, but not others. 
The Mulliken charges computed at the PM3 semi-empirical MO level of approximation are 
given in Table 2.6 for C7 and C1, as well as the accumulated totals for the p-anisyl rings.  In 
addition, the difference between the Mulliken charge between the cation d and the alkane a at 
C1 is also shown in each case.  The corresponding MP2/6-31G*//B3LYP/6-31G* values are 
shown in Table 2.7. 
 
It is clear from both the semi-empirical MO and DFT calculations that the partial positive 
charge at C1 in 2.1c and 2.2c is significantly lower than that obtained for the other cations.∗  As 
a result, C1 in 2.1c and 2.2c are predicted to be significantly less electrophilic and will therefore 
be less reactive towards water. However, the charge at C1 in 2.3c is higher and yet it too fails 
to form the dienone. 
 
2.4.4 LUMO properties of the carbocations 
 
In terms of MO theory, the LUMO of the carbocation c would be required to react with the 
HOMO of the nucleophile, H2O, in forming the hemiacetal d.  Clearly, the larger the LUMO 
coefficient on the p-carbon of the anisyl ring, the greater the orbital overlap between the 
interacting species in the transition state is likely to be, resulting in a faster reaction. 
 
The LUMO’s for the p-hydroxybenzyl cation 2.38g (Fig. 2.12) and the series of p-
hydroxyphenyl-substituted carbocations 2.1g-2.18g calculated at the HF/6-31G*//B3LYP/6-
31G* level are displayed in Table 2.8.#   
 
CHOH
OH
CH2OH
OCH3
CH2
HO OCH3
2.38g2.38a 2.38d
 
                                                 
∗
 This effect is confirmed when the total Mulliken charges accumulated in the p-anisyl rings are compared.  Cations 
2.1c and 2.2c are found to harbour significantly less charge in the p-anisyl rings than the other cations.  As a result, 
the anisyl–C+ bond length is significantly longer in these two cases. 
#Compounds numbered according to Fig. 2.11. 
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Fig. 2.12: Structures of p-hydroxybenzyl cation and analogues 
 
In all cases there is a large coefficient on C7.  In contrast, the coefficient on C1 is smaller 
although its magnitude does increase in cases where the p-hydroxyphenyl ring is coplanar (or 
nearly coplanar) with the carbocation center (thereby permitting delocalisation of the charge).  
One would therefore expect hemiacetal formation to be assisted in the latter cases. 
 
In the case of cations 2.2g and 2.6g where the anisyl ring is severely twisted from the plane of 
the cation center, the LUMO coefficients on C1 are relatively small, which would disfavour 
hemiacetal formation. 
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Table 2.8: HF/6-31G*//B3LYP/6-31G* orbital energies and Mulliken charges for selected p-
hydroxyphenyl-substituted carbocations g 
Orbital energies/eV 
Mulliken 
charges Cation 
HOMO LUMO Band gap C1 C7 
LUMO 
2.38g -14.55 -4.35 10.2 0.51 -0.29 
 
2.18g -12.04 -3.61 8.4 0.48 0.23 
 
2.3g -11.63 -4.23 7.4 0.48 0.15 
 
2.2g -11.80 -3.62 8.2 0.45 0.19 
 
2.9g -11.80 -3.66 8.1 0.46 0.23 
 
  
38 
Orbital energies/eV 
Mulliken 
charges Cation 
HOMO LUMO Band gap C1 C7 
LUMO 
2.6g -11.72 -3.65 8.1 0.49 0.13 
 
2.8g -11.02 -3.59 7.4 0.49 0.15 
 
 
 
2.4.5 Stabilities of the hemiacetals d 
 
Conversion of the alcohol a to the hemiacetal d under acidic conditions is governed by a series 
of equilibria as shown in Fig. 2.11.  The position of the equilibrium between the alcohol a and 
hemiacetal d will be determined by their relative stabilities. 
 
Our PM3 calculations show that in all cases the hemiacetals d are significantly less stable than 
their parent alcohols a, with their computed heats of formation ranging between ca. 23 and 66 
kJ.mol-1 higher.  This effect can be attributed to the loss of aromatic stabilization in the 
cyclohexadienone methide d. Significantly, the differences are largest for the structures 2.2 
and 2.3 and to a smaller extent, 2.1. 
 
Table 2.9:  PM3 heats of formation (kJ.mol-1) for alcohols a and d and computed equilibrium constants, 
K. 
 
 
  
2.1 2.2 2.3 2.6 2.7 2.8 2.9 2.18 2.38 
a -21.6 -131.1 14.8 -109.8 64.6 92.7 2.0 5.4 -264.8 
d 30.9 -64.7 80.1 -77.4 87.4 129.3 25.9 48.9 -171.5 
d-a 52.5 66.4 65.3 32.4 22.8 36.6 23.8 43.5 93.3 
K 6.3 x 10-10 2.3 x 10-12 3.7 x 10-12 2.1x10-6 1.0 x 10-4 3.8 x 10-7 6.7 x 10-5 2.4 x 10-8 4.4×10-17 
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As a result, the equilibrium linking the alcohol and hemiacetal via the intermediate carbocation 
will lie heavily in favour of the alcohol a.  Nevertheless, since the hemiacetal d is able to react 
further and convert irreversibly to the dienone e, it is possible for the equilibrium to gradually 
shift to the right.  Conversion of the hemiacetal d to the dienone e and MeOH is computed to 
be weakly exothermic in all cases, although the laboratory reaction would be expected to be 
favoured further through solvation of the methanol fragment and also through entropy effects. 
However, in the case of the structures 2.2 and 2.3 (and to a lesser extent, 2.1) the equilibrium 
constants are so small that the rates of conversion of the hemiacetals to dienones are likely to 
be extremely slow. 
 
Interestingly, our calculations show that for the simple unsubstituted system 2.38 (Fig. 2.12), 
conversion of the alcohol to the hemiacetal is strongly disfavoured thermodynamically.  This is 
undoubtedly due to the loss of resonance stabilization energy.  In all the other cases listed 
above the differences in energy between the alcohol and hemiacetal structures are 
significantly smaller, even in strained systems.  We suggest that this reflects a combination of 
destabilization of the parent alcohols owing to steric crowding, along with some residual 
conjugative stabilization of the unsaturated system in the hemiacetals. 
 
Experiment supports the hypothesis of the intermediacy of the hemiacetals d rather than a 
direct demethylation of the carbocation. When the amino-alcohol 2.39 was treated with TFA, 
the N,N-dimethyl amino group was eliminated to form dienone 2.24. Water adds at C1 of the 
cation d, to form an α-amino alcohol from which the N,N-dimethyl moiety is preferentially 
eliminated to form dienone 2.24. 
 
HO
NMe2 O
Reagents and conditions: i) TFA, CH2Cl2, rt, 3 days; aq. NaOH work-up.
2.39 (80%)
2.24
 
Fig. 2.13: Demethylation of a p-N,N-dimethylamino dibenzosuberyl-alcohol 
 
Also, Wada et al have found that the perchlorate cations of triphenylmethanols containing p-
N,N-dimethylamino substituents, give the corresponding fuchsones in quantitative yield upon 
treatment of the cation with 2 equiv. of an 0.1M aq. NaOH solution in DMSO (Fig. 2.14).15  
 
                                                 
15
 M. Wada, T. Watanabe, S. Natsume, H. Mishima, K. Kirishima and T. Erabi, Bull. Chem. Jpn., 1995, 68, 3233. 
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N
H3C
H3C
CAr2N
H3C
H3C
ClO4 O C
Ar
Ar
Ar =
OCH3
OCH3i ii
(95%)
Ar
OH
Ar
 
Reagents and conditions: i) MeOH, aq. HClO4, RT, 2h; ii) DMSO, 2 equiv. 0.1M NaOH 
Fig. 2.14: Formation of fuchsone from the p-N,N-dimethylamino-phenyl substituted cation15 
 
Synthesis of a fuchsone through acid treatment of a mercaptophenylcarbinol has been 
reported by Oda et al (Fig. 2.15). This indicates that the thiol is eliminated from an intermediate 
hemiacetal to form the quinone methide.16 
 
OH
But But
SH O
But But
H
 
Fig. 2.15: Synthesis of a fuchsone from a thiophenol derivative16 
 
Substituting the methoxy group with thiomethoxy did not change the reactivity of alcohol 2.40 
which failed to undergo demethylation to the corresponding quinone methide, even after an 
extended reaction time (Fig. 2.16).  
 
O
HO
SCH3
No reaction
2.40
 
Fig. 2.16:  Failure of TFA to effect cleavage of alcohol 2.40. 
 
2.4.6 Conclusions: Computational study 
 
The trends observed for dienone formation when the alcohols a are treated with acid cannot be 
attributed to reactivity differences in the cations c.  We have shown that in the series 2.1c-
2.18c there is no correlation between the stability of the carbocation and its tendency to form a 
dienone or not.   
 
According to FMO theory, reactions involving polar species will be subject to charge control, 
while the reactions of species that are non-polar will be orbital controlled.  In the present case, 
                                                 
16
 R. Suzuki, H. Kurata, T.Kawase, M. Oda, Chem. Lett., 1999, 571. 
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the key step is the reaction of water with the carbocation to form the hemiacetal d.  The 
reaction therefore has ionic characteristics and is likely to be subject to charge control.   
 
In Section 2.4.3 it was shown that the correlation between the tendency for the carbocations to 
form dienones, and the fraction of the positive charge that is delocalised to the para-carbon of 
the anisyl ring is tenuous.  In the case of the cations 2.1c and 2.2c where the anisyl rings are 
substantially twisted with respect to the cation centers, delocalisation of charge to the para-
carbons is significantly reduced and the electrophilicity of these carbons is reduced, resulting 
in a slow rate of reaction with water. 
 
In terms of FMO theory, the behaviour of the cation 2.3c appears to be anomalous insofar as it 
harbours significant positive charge on the para-carbon of the anisyl ring, and the LUMO 
coefficient on this carbon is also relatively large.  However, its failure to easily form the dienone 
can be attributed to thermodynamic factors since conversion of the cation to the hemiacetal 
has been shown to be energetically prohibitively expensive compared to formation of the 
alcohol.  This is undoubtedly also a contributory effect in the case of the cations 2.1c and 2.2c. 
 
2.5. Demethylation using boron tribromide dimethylsulfide complex 
 
Further corroboration for the postulated role of a hemiacetal intermediate was found when 
steric crowding around the methoxy group of the anisyl group was increased through the 
introduction of meta-methyl and t-butyl groups, respectively. 
 
4-(Dibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5-dimethyl-dienone 2.28, was synthesized 
in good yield via the usual method [Grignard reaction of the ketone with 1-bromo-3,5-dimethyl-
4-methoxybenzene to produce the alcohol 2.13, followed by demethylation with TFA in CH2Cl2 
to form the dienone (Fig. 2.17)]. Clearly, the introduction of methyl groups adjacent to the 
methoxy group in 2.13, failed to inhibit formation of the postulated hemiacetal intermediate. 
 
O
HO
H3C
CH3
OCH3 O
H3C CH3
i ii
2.28
(75%)
2.13
(60%)
 
Reagents and conditions: i) 1-Bromo-3,5-dimethyl-4-methoxybenzene, Mg, I2, THF, reflux, 17h; ii)  
TFA, CH2Cl2, rt, 3 days 
Fig. 2.17: Synthesis of 4-(dibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5-dimethyl-
dienone 2.28 
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The 3,5-di-t-butyl anisyl alcohol 2.41 was synthesized according to Fig. 2.18. Methylation of 
the starting phenol was achieved with sodium hydride and methyl iodide in THF with 5 cm3 of 
DMF added to the reaction mixture according to the method of Stoochnoff and Benoiton.17 
 
A Grignard reaction on dibenzosuberenone gave the alcohol 2.41. Trifluoroacetic acid was 
ineffectual in demethylating 2.41 and only unreacted starting material was recovered upon 
work-up of the reaction mixture. From this one can infer that the formation of a hemiacetal in 
such a sterically hindered environment is disfavoured. However, 2.41 was successfully 
demethylated with BBr3.S(CH2)2 to form the dienone 2.42. 
 
O
Br
OH
But But
Br
OCH3
But But
HO
OCH3But
But
O
But But
i ii iii
(80%)(50%)
2.41 2.42
 
Reagents and conditions: i) 1 equiv. NaH, THF, DMF (5 cm3), I equiv. MeI, reflux 1h at 80°C; ii) Mg, I 2,  
THF, reflux 17h, NH4Cl work-up; iii) BBr3.S(CH2)2 (1 equiv.), CH2Cl2, stir at RT, 2h 
Fig. 2.18: Synthesis of 4-(dibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5-di-t-butyl-dienone 
2.42 
 
Selective demethylation of the 4-methoxy group in the 3,4-dimethoxy compound 2.14 is 
possible with TFA. Interestingly, treatment of the resulting methoxy dienone 2.29 with 
BBr3.S(CH3)2 leads to a reductive rearrangement along with demethylation of the second 
methoxy group to give 2.43. 
 
OCH3
O
HO
OCH3
OCH3
H
OH
OH
i ii
(55%)
2.292.14 2.43
(60%)
 
Reagents and conditions: i) TFA, CH2Cl2, 3 days; ii) BBr3S(CH2)2 (2 equiv.), CH2Cl2, rt, 2h 
Fig. 2.19: Demethylation of the methoxy group of p-quinone methide 2.29 
 
 
 
 
                                                 
17
 B.A. Stoochnoff and N. L. Benoiton, Tet. Lett., 1973, 1, 21. 
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2.6. Demethylation using pyridine hydrochloride 
 
In order to synthesize large quantities of the dienones using reagents that would generate the 
desired dienone more rapidly and cost-effectively, the use of cheaper demethylating agents 
was explored. Pyridine hydrochloride is a cheap, readily available reagent that has been used 
for the demethylation of amines.18 Excess pyridine hydrochloride was mixed with alcohol 2.15 
and heated under microwave irradiation (150 W) for 1 minute with pauses every 15 s to stir the 
rapidly melting pyridine salt mixture. The molten mixture was removed from the microwave 
oven and allowed to cool, before being mixed with water and extracted with ether. The 
products of the reaction are shown in Fig. 2.20. 
 
O
H3CO
O
O
CH3
CH3OH
CH3
+
H
O
HO
2.15 2.30 2.44
(7%) (35%)
CH3
CH3CH3
 
Reagents and conditions: pyr.HCl (excess), microwave irradiation (150 W) 1 minute 
Fig. 2.20: Microwave-assisted demethylation of alcohol 2.15 
 
Only 7% of the expected dienone 2.30 was isolated. The major product is the anthraquinone 
derivative 2.44. It is formed when dienone 2.30 undergoes acid-catalyzed ring contraction. This 
was confirmed when heating 2.30 with pyridine hydrochloride under the same reaction 
conditions gave 2.44 in 71% yield.  
 
The acid-catalyzed rearrangement of seven-membered heterocyclic alcohols such as 2.45 
have been described by Winthrop et al19 who obtained the anthracene-derivative 2.46 on 
treating 2.45 with boiling acetic anhydride. The rearranged product 2.46 was also obtained with 
a range of other acidic reagents such as HCl in methanol, acetyl chloride in pyridine or 
phosphorus pentoxide. 
 
 
                                                 
18
 P.P. Kulkarni, A.J. Kadam, R.B. Mane, U.V. Desai and P.P. Wadgaonkar, J. Chem. Res. (S), 1999, 394. 
19
 S.O. Winthrop, M.A. Davis, F. Herr, J. Stewart and R. Gaudry, J. Med. Pharm. Chem., 1962, 5, 1207. 
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O
HO
(CH2)3N(CH3)2
OCOCH3
(H3C)2N
i
2.45 2.46
 
Reagents and conditions: Acetic anhydride, reflux, 4h 
Fig. 2.21: Acid-catalyzed rearrangement of dibenzoxepinyl alcohols19 
 
A mechanism for the high-temperature ring-contraction reaction giving 2.44 is proposed in Fig. 
2.22. After initially forming the dienone 2.30 via the usual mechanism, protonation of the 
dienone is suggested to lead to ring contraction to give an oxirane intermediate and the final  
product 2.44 is formed upon rearomatization of the adjacent ring. 
 
O
O
O
OH
H H
H
OH
H O
H
HO
O
2.15
2.44
O
HO
OCH3
H
O
OH
-H
 
Fig. 2.22: Proposed mechanism for acid-catalyzed rearrangement of 2.15 
 
2.7 Quinone methides derived from 3-methoxy-11-aryl-6,11-dihydro-dibenzo[b,e]oxepin-
11-ols  
 
As part of the investigation into the demethylation reactions with TFA, a series of 3-methoxy-
11-aryl-6,11-dihydro-dibenzo[b,e]oxepin-11-ols and their thio-analogues were prepared. 
Demethylation of the 3-methoxy group with TFA to form the corresponding dienone was 
observed to occur. Hence, a series of alcohols with various aromatic substituents were 
prepared in order to assess the influence of the substituents on the demethylation reaction 
(Fig. 2.23 and Table 2.10). 
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X
O
X
HO
OCH3 OCH3
Reagents and conditions: Mg, I2, THF, bromoaryl, reflux 17h, NH4Cl workup
Ar
2.47-2.54
 
Fig. 2.23: Synthesis of 3-methoxy-11-aryl-6,11-dihydro-dibenzo[b,e]oxepin-11-ols and thio- 
analogues 
 
Table 2.10: Yields of 3-methoxy-11-aryl-6,11-dihydro-dibenzo[b,e]oxepin-11-ols and thio-analogues 
X  Ar Product / % 
O phenyl 2.47 (72) 
O p-methoxyphenyl 2.48 (30) 
O p-methoxynaphthyl 2.49 (40) 
O mesityl 2.50 (60 - crude) 
O p-(trifluoromethyl)phenyl 2.51 (35) 
S mesityl 2.52 (60) 
S phenyl 2.53 (75) 
S p-(N,N-dimethyl)phenyl 2.54 (82) 
 
We were unsuccessful at separating alcohol 2.50 from unreacted starting ketone. 
Decomposition of 2.50 to the corresponding dienone 2.59 occurred on chromatography with 
silica gel. Hence, the crude product from the Grignard reaction was subjected to demethylation 
with TFA, giving 2.59 (Table 2.11) in 50% yield. 
 
2.7.1 Selective demethylation of 3-methoxy-11-4’-methoxyaryl-6,11-dihydro-
dibenzo[b,e]oxepin-11-ols 
 
A methoxy group on the 3-position would be expected to stabilize a cationic centre at C11 by 
resonance and therefore facilitate demethylation from the 3-position to form an oxepin-3-one 
derivative in which the quinoid ring forms part of the tricyclic system. Since para-methoxy 
substituents on the 11-aryl group also undergo cleavage with TFA, it seemed interesting to 
investigate whether the demethylation reaction would occur selectively if methoxy groups were 
present at both positions (e.g. Fig. 2.24). 
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O
HO
OCH3
OCH3
O O
OCH3O
OCH3 O
+
2.48 2.55 2.56
 
Reagents and conditions: TFA, CH2Cl2, rt, 3 days 
Fig. 2.24: Potential products from demethylation of 2.48 with TFA 
 
Dienone 2.55 was the only product isolated from the demethylation of 2.48 in 20% yield. 
Alcohol 2.49 which has a 3-methoxy substituent as well as a pendant 4-methoxynaphthyl 
group, undergoes TFA-catalyzed cleavage of the naphthyl methoxyl group to form dienone 
2.57 (Fig. 2.25).  
 
O
OCH3
HO
OCH3
O
OCH3
O
(50%)
2.572.49
 
Reagents and conditions: TFA, CH2Cl2, rt, 3 days 
Fig. 2.25: Selective demethylation of 2.49 
 
The selective cleavage of the 4-methoxynaphthyl group rather than the 3-methoxy group, was 
also observed by Elkaschef et al who subjected trityl chloride derivatives to acid-catalyzed 
demethylation. This effect is attributed to the lower resonance energy of the naphthyl ring, 
resulting in easier disruption of its aromaticity to form a quinoid system than is the case for a 
phenyl ring (Fig. 2.26).20 
 
 
OH
OCH3
OCH3
Cl
OCH3
OCH3 O
OCH3
i ii
 
Reagents and conditions: i) Acetyl chloride, reflux; ii) Heat at 180°C, 15 min 
Fig. 2.26: Preferential demethylation of 4-methoxynaphthalene groups in trityl systems to form 
naphthafuchsones20 
                                                 
20
 M. A. Elkaschef and A.S. Ahmad, J. Chem. Soc., 1960, 2272. 
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Alcohols 2.47, 2.48 and 2.50-2.52 were demethylated to form 11-aryl-6H-dibenzo[b,e]oxepin-3-
ones (or the thio analogues – Fig. 2.27) with the yields summarized in Table 2.11. 
 
X
HO Ar
OCH3
X
O
Ar
2.55; 2.58-2.61
 
 
Reagents and conditions: TFA, CH2Cl2, rt, 3 days, NaOH work-up 
Fig. 2.27: Synthesis of dienones from 3-methoxy-11-aryl-6,11-dihydro-dibenzo[b,e]oxepin-11- 
ols. 
 
Table 2.11: Yields of 11-aryl-6H-dibenzo[b,e]oxepin-3-ones and 11-(2,4,6-trimethylphenyl)-6H-
dibenzo[b,e]thiepin-3-one  
Alcohol X Ar Dienone (%) 
2.47 O phenyl 2.58 (80) 
2.48 O p-methoxyphenyl 2.55 (20) 
2.50 O mesityl 2.59 (50) 
2.51 O p-(trifluoromethyl)phenyl 2.60 (40) 
2.52 S mesityl 2.61 (70) 
 
 
The thio compound 2.53 undergoes cleavage of the 3-methoxy group to give a 1:1 mixture of 
the dienone 2.62 and the suspected phenolic alcohol 2.63 isolated as a chromatographically 
inseparable mixture (Fig. 2.28). (The phenol is evident from the NMR and mass spectra.)  
 
 
S
O S OH
HO
+
1 : 1
S
OCH3
HO
(25%)
2.53 2.62 2.63
 
Reagents and conditions: TFA, CH2Cl2, rt, 3 days, Na2CO3 workup 
Fig. 2.28: Demethylation of 2.53 
 
Alcohol 2.54 undergoes loss of the amino group in preference to methoxy to form 2.64.  
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S
HO
OCH3
NMe2
S
OCH3
O
2.54
2.64
(85%)
 
Reagents and conditions: TFA, CH2Cl2, rt, 3 days 
Fig. 2.29:  Reaction of 2.54 to form dienone 2.64 
 
Sterically crowded aryl groups such as mesityl in alcohols 2.50 and 2.52 did not retard the 
demethylation reaction and dienones 2.59 and 2.61 were formed in good yields. 
  
2.8 Structures of dienones 
 
2.8.1 Crystal structure X-ray analysis of compound 2.23  
 
The crystal structure of 4-(dibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5-dienone 2.23 was 
obtained from single crystals grown from dichloromethane and provides insight into the 
interactions of the molecules within a crystal.21 Compound 2.23 is a non-planar, centro-
symmetrical molecule that exhibits intermolecular H-bonding from the dienone oxygen atom of 
one molecule of 2.23 to the C8 hydrogen atom of another molecule. This causes considerable 
shortening of this bond. The yellow lines in Fig. 2.31 connect the atoms involved in the weak 
hydrogen bonds of type C8-H8⋅⋅⋅O22. Similar H-bonding has been reported to occur in 4,4’-bis(4’-
biphenylyl)cyclohexa-2,5-dienone in the solid state.22 
 
 
 
 
 
 
 
 
 
                                                 
21
 B. Taljaard, J.H. Taljaard, C. Imrie and M.R. Caira, Eur. J. Org. Chem., 2005, 12, 2607. 
22
 V.S. Sethil Kumar and A. Nangia, J. Chem. Soc., Chem. Commun., 2001, 2393. 
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Fig. 2.30: Labelled crystal structure obtained for dienone 2.23. 
 
The crystal structure indicates twisting of the aromatic rings of the tricyclic system  with respect 
to the plane of the pendant quinoid ring in order to minimize peri-interaction of the hydrogens 
of the tricyclic aromatic rings (C1 and C8) and the ene hydrogens (C17 and C21). The two planes 
of the aromatic rings in the tricyclic system form an angle of 122.72° with respect to each 
other. The quinoid rings of two dienone molecules exhibits π-π stacking in the crystal (Figs. 
2.31 and 2.32). 
 
 
Fig. 2.31: Ball and stick representation of 2.23 at (a) x,y,z and its centrosymmetric counterpart at 
(b)1-x, 1-y and 1-z. 
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Fig. 2.32: Space-filling perspective view representation of two molecules of 2.23 showing the pi⋅⋅⋅pi 
stacking of the centrosymetrically related dienone rings (centroid-to-centroid distance 3.64Å). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.33: View of the molecular packing diagram for 2.23 along the c axis of the unit cell. Four 
unit cells are shown. 
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Table 2.12: Crystal and structure refinement data for compound 2.23 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.8.2 Crystal structure analysis of dienone 2.31  
 
The structure and conformation of dienone 2.31, with atoms represented both as thermal 
probability ellipsoids at the 50% level and in space-filling mode, are shown in Fig. 2.34. The 
presence of the heteroatom O13 leads to significant distortion of the seven-membered ring 
compared with the situation in 4-dibenzo[a,d]cyclohepten-5-ylidene-cyclohexa-2,5-dienone 
2.23, which has molecular symmetry deviating only slightly from Cs. Atoms C9 to O13 are 
coplanar (maximum deviation from their least-squares plane 0.055 Å, for C12) while atoms C14 
and C15 are equally displaced from this plane (C14 1.07, C15 1.16 Å). The conformation around 
the C12-O13 bond is gauche (torsion angle C11-C12-O13-C14 = 69.6º) and the overall effect on the 
shape of the tricyclic system is a resultant dihedral angle of 118.4º between the phenyl rings, 
only slightly smaller than that observed in 4-dibenzo[a,d]cyclohepten-5-ylidene-cyclohexa-2,5-
dienone (121.8º). The distances O13-C12 (1.43 Å) and O13-C14 (1.38 Å) are significantly 
different, the latter being shortened by conjugation with the phenyl ring.   
 
 
 
 
 
 
2.23 
Empirical formula C21H14O Unit cell 
dimensions 
A = 15.5662(3) Å    
 α = 90° 
Formula weight 282.34 
 
B = 12.6808(2) Å   
β = 102.9210(10) ° 
Crystal size 0.25 × 0.30 × 
0.40 mm3 
 
C = 7.4708(1) Å      
 χ = 90° 
Temperature 173 K Volume 1437.34(4) Å3 
Crystal system Monoclinic µ(Mo-Kα)/ cm-1 0.8 cm-1 
Space group P21/c No. 14 Z 4 
Goodness-of-fit 
on F2 
1.04 Reflections 
collected / 
unique 
 
8887 / 3306 [R(int) = 0.018] 
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Fig. 2.34: X-ray structure of 2.31 showing atomic numbering and thermal ellipsoids at the  
50% probability level (top) and a space-filling representation (bottom). 
 
 
Excellent agreement was found between the molecular parameters for the ring-plane C16-C21 in 
2.31 and the corresponding cyclohexadienone system in 4-dibenzo[a,d]cyclohepten-5-ylidene-
cyclohexa-2,5-dienone 2.23. Formal double bonds are evident for C17-C18 and C20-C21 
(distance range 1.33-1.34 Å), while the remaining four ring bonds lie in the narrow range 1.45-
1.46 Å. Double bond character for C9-C16, 1.37 Å is also confirmed. 
 
The crystal packing is illustrated in Fig. 2.35. The principal intermolecular interactions are C-
H⋅⋅⋅O hydrogen bonds involving the carbonyl oxygen atom (C1-H1⋅⋅⋅O22i with C⋅⋅⋅O 3.32 Å, i = 1-
x, 2-y, -z ; C12-H12B⋅⋅⋅O22ii with C⋅⋅⋅O 3.31 Å, ii = 1-x, 1-y, -z). In contrast to the packing in 4-
dibenzo[a,d]cyclohepten-5-ylidene-cyclohexa-2,5-dienone 2.23, which included a relatively 
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short (3.82 Å) intermolecular pi-pi interaction between phenyl rings, interactions of this type are 
lacking in 2.31, presumably due to the replacement of three H atoms on one of the phenyl 
rings by sterically bulky methyl and chloro substituents.   The shortest centroid⋅⋅⋅centroid 
distance for phenyl-phenyl interactions is consequently 4.64 Å. There is, however, evidence for 
weak pi-pi interaction between the cyclohexadienone ring and its centrosymmetric counterpart 
(centroid⋅⋅⋅centroid distance 4.20 Å).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.35: Projection of the crystal structure of 2.31 down (010). Four unit cells are shown. 
 
 
Table 2.13: Crystal and structure refinement data for compound 2.31 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.31 
Empirical formula C22H17ClO2 Unit cell 
dimensions 
A = 8.0545(1) Å    
 α = 105.222(1)° 
Formula weight 348.81  B = 8.3051(1) Å   
β = 95.827(1) ° 
Crystal size 0.25 x 0.30 x 
0.40mm3 
 C = 13.9155(3)  Å      
 χ = 104.609(1)° 
Temperature 173(2) K Volume 855.02(2) Å3 
Crystal system Triclinic µ(Mo-Kα)/ mm-1 0.235 mm-1 
Space group P1 Z 2 
Goodness-of-fit 
on F2 
1.054 Reflections 
collected / 
unique 
 
5479/3905 [R(int) = 0.018] 
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2.9 NMR analysis of dienones  
 
2.9.1 COSY and HMQC analysis of dienone 2.26 
 
The 1H-NMR spectrum of dienone 2.26 at room temperature revealed doublets at 6.48, 6.59 
and 8.21 ppm, all with different coupling constants. The overlapping multiplets obtained in the 
rest of the aromatic region of the proton spectrum made it difficult to assign these doublets to 
specific hydrogens in the structure of 2.26. From the COSY spectrum (Fig. 2.35) it was 
possible to discern coupling (J = 10.4Hz) between the doublet resonating at 6.48 ppm and a 
doublet at 7.51 ppm in the congested aromatic region. No coupling with other hydrogens was 
evident, leading to the conclusion that these signals correspond to the diene protons. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.35: COSY spectrum obtained for dienone 2.26 
 
The doublet at 6.59 ppm shows coupling with a triplet that forms part of the aromatic grouping 
at 7.05-7.20 ppm, as well as long-range coupling with a triplet resonating at ca. 7.30 ppm and 
the doublet at 8.21 ppm. This would seem to indicate that these hydrogens are adjacent and 
are all attached to one aromatic ring, most probably the naphthyl ring. It is suggested that the 
doublet at 8.21 ppm is due to the naphthyl proton ortho to the carbonyl group (H5’), while the 
doublet at 6.59 ppm is assigned to H8’. The latter is shielded since it lies above an aromatic 
ring of the tricyclic system and therefore in its shielded zone. The rest of the spectrum overlaps 
to such an extent that assigning the signals becomes well nigh impossible. The congested 
O
2.26
1'2'
3' 4'
5'
6'
7'
8'
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aromatic region is also evident from the 13C and HMQC spectra (Fig. 2.36). It is also 
impossible to distinguish the alkenyl carbon signals from the rest of the aromatic methylene 
signals. An 6-31G∗ HF calculation on the structure predicted that the alkenyl carbons would be 
expected to resonate at approximately 131 ppm in the 13C spectrum. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.36: HMQC-spectrum of dienone 2.26  
 
2.9.2 Temperature-dependent NMR-study of dynamic effects in dienones 2.21 and 2.61 
 
A temperature-dependent dynamic effect is evident in the 1H-NMR spectrum of dienone 2.21 at 
room temperature. At 25°C, the diene protons resona te as broadened signals at 6.45, 6.55, 
7.55 and 7.75 ppm, which sharpen when the temperature is decreased to -30°C into four 
distinct doublets resonating at 6.45, 6.55, 7.55 and 7.80 ppm respectively (Fig. 2.37). 
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Fig. 2.37: 1H-spectra of dienone 2.21 at 25°C (left) and and -30°C (right), respectively  
 
The 13C spectrum of 2.21 also exhibits four broadened signals at room temperature, but upon 
decreasing the temperature to -30°C, these signals sharpen into well-defined peaks of equal 
intensity (Fig. 2.38). Interestingly, signals evident at 132.9 and 132.3 ppm at room 
temperature, overlaps at 132.6 ppm at -30°C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.38: Aromatic region of the 13C-spectra of 2.21 at 25°C (left) and -30°C (right)  
 
Molecular modeling shows that the structure of dienone 2.21 corresponds with that depicted in 
Fig. 2.39. The presence of the oxygen in the seven-membered ring leads to distortion of the 
tricyclic system. The conformation about the C-O bond in the central ring is gauche. The 
dynamic effect observed in its NMR spectra is propably due to inversion of the structure to its 
enantiomeric conformer. 
 
O
O
2.21
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Fig. 2.39: Lowest energy conformers obtained for 2.21 
 
The 1H-NMR spectrum of dienone 2.61 exhibited line-broadening of the signals at 1.82 and 
2.08 ppm, corresponding to the ortho-methyl groups on the pendent mesityl ring. By increasing 
the temperature, these peaks become broadened and start coalescing (Fig. 2.40). This is 
undoubtedly due to rotation of the mesityl ring which at higher temperature results in averaging 
of the environments of the ortho methyl groups. The para-methyl group is not affected since it 
lies on the rotation axis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.40: 1H-spectrum of the aliphatic region of dienone 2.61 at 21°C (top, left), 30°C (top, 
right) and 45°C (bottom), respectively 
 
 
2.61
S
O
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From Fig. 2.40 it can also be seen that the doublets corresponding to the diastereotopic CH2-
protons at 3.85 and 4.20 ppm, broaden and coalesce at elevated temperature. Signals in the 
aromatic region of the spectrum also experience similar line-broadening effects at 45°C. 
 
Decreasing the temperature to 0°C and finally to -3 0°C, slows rotation about the C-mesityl 
bond, which sharpens the affected NMR signals. The ortho-methyl groups become well-
defined singlets of equal intensity and the CH2-S protons each resonate as distinct doublets. In 
the aromatic region, the broadened signal at 7.01 ppm sharpens into distinct singlet at low 
temperature (Fig. 2.41). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.41: Aromatic region of the 1H-spectrum of dienone 2.61 at 30°C (top, left), 45°C (top, 
right), 0°C (bottom, left) and -30°C (bottom, right ). 
 
The temperature-dependent rotational effects are also evident in the 13C-spectra of 2.61. At 
room temperature the ortho methyl carbon signals are distinctly broadened. At elevated 
temperature these signals coalesce into a single broadened signal. However, at -30°C they 
resonate as two well-resolved lines. Only fifteen signals are observed in the aromatic region in 
the 13C-spectrum at 45°C, including a broad signal at 129 .1 ppm. As the temperature is 
decreased to -30°C, the number of aromatic signals increases to eighteen. The peak at 129.1 
is resolved into two separate signals (128.9 and 129.5 ppm) at low temperature. Similarly, 
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broadened peaks which are scarecely discernable at 134.7 and 136.7 ppm at high 
temperature, resonate as sharp signals at -30°C ( Fig. 2.42). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.42: Aromatic region of the13C-spectrum of 2.61 at 45°C (top) and -30°C (bottom) 
 
The COSY and HMQC correlation-spectra of 2.61 were obtained at -30°C. The doublet of 
doublets at 6.28 ppm is coupled to the doublet at 7.10 ppm and these peaks correspond to the 
diene hydrogens on C2 and C1, respectively. The proton on C2 is also weakly coupled to the 
proton on C4 which resonates as a doublet at 6.56 ppm (Table 2.14). The singlets at 6.89 and 
7.02 ppm represent the protons on the mesityl ring and they exhibit long-range coupling in the 
COSY spectrum. The doublet at 6.90 is coupled to the triplet at 7.15 ppm which is in turn 
coupled to the triplet at 7.38 ppm which couples with the doublet resonating at 7.25 ppm.  
These signals represent the hydrogens attached to C7, C8, C9 and C10 (or in the reverse order) 
of 2.61 (Fig. 2.43). 
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Fig. 2.43: COSY spectrum denoting the 1H-correlations for dienone 2.61 
 
The proton and carbon signals of 2.61 were correlated using an HMQC-spectrum and the 
signals and coupling constants are summarized in Table 2.14. 
 
Table 2.14: 1H-13C correlations obtained for 2.61 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
δH Multiplicity J / Hz δC Quarternary carbons 
1.81 singlet - 20.2  CH3 131.7 
2.07 singlet - 20.5 CH3 134.6 
2.36 singlet - 21.6 CH3 136.0 
3.85 doublet 14.2 35.4 OCH2 136.7 
4.21 doublet 14.2 35.4 OCH2 138.9 
6.29 d of d 2.1 and 10.2 127.6 139.8 
6.56 doublet 2.1 123.0 141.7 
6.89 singlet - 129.5 151.9 
6.90 d of d 0.8 and 7.0 133.7 157.1 
7.02 singlet - 128.8 185.5 (carbonyl) 
7.07 doublet 10.2 142.6  
7.15 triplet 7.5 128.1  
7.26 doublet 7.0 126.6  
7.38 d of t 1.0 and 7.5 131.7  
2.61
S
O
1 2
3
4
567
8
9 10
11
2
4
6
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The dramatic influence of temperature on the appearance of the NMR spectra of many of the 
dienones studied (and as exemplified by 2.21 and 2.61) is ascribed to dynamic conformational 
effects. As a result, in many cases fewer than the expected number of 13C signals are 
observed at room temperature. Also, owing to the crowded 13C aromatic region, accidental 
overlap of signals is clearly evident in some cases. In others, where more than one conformer 
is possible and provided the rate of exchange is slow on the NMR time-scale, spectra due to 
more than one conformer may be evident, leading to more lines than might be expected. 
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2.10.1 Molecular modelling 
 
Method 
 
PM3 semi-empirical and density functional MO calculations were performed using Spartan ’04 
(Windows) and Spartan ’02 (Linux).23  Selected density functional and electron correlation 
calculations were carried out using the PQS Ab Initio Program Package,24 implemented on a 
PQS QuantumStation QS4-1800S machine. 
 
In all cases the structures were subjected to conformational searching at the PM3 
semiempirical MO level, followed by geometry optimization of the full set of conformers that 
resulted in every case.  The computed heats of formation of the lowest energy conformer 
obtained for each species are given in Table 2.4.  Furthermore, a Boltzmann population 
analysis of each conformer set was carried out and properties such as bond lengths, torsion 
angles and Mulliken charges for each structure were calculated as a weighted average of the 
corresponding properties of its conformer set. 
 
In selected cases the structure of the lowest energy conformer was refined further at the 
B3LYP/6-31G* level, with electron correlation effects being taken into account through carrying 
out single-point MP2 calculations on these geometries.  The computed total energies (MP2/6-
31G*//B3LYP/6-31G*) are given in Table 2.5. 
 
General 
 
Melting points were determined on an Electrothermal IA900 series digital melting point 
apparatus and are uncorrected. IR spectra were recorded on a Perkin – Elmer 1600 Series 
Fourier Transform Spectrometer. 1H and 13C NMR spectra were determined with a Brucker 
Avance 300 MHz NMR spectrometer. Mass spectra (EI) were determined in the analytical 
laboratories of the Potchefstroom University. The X–ray structure determination was done by 
the X–ray crystallography unit at the University of Cape Town. PLC separations were carried 
out using glass plates coated with Merck silica gel 60 F254 (1.5 – 2.0 mm layer thickness). 
Petroleum ether refers to the hydrocarbon fraction boiling between 40°C and 60°C. 
 
 
 
                                                 
23
  Spartan ’04 (Windows) and Spartan ’02 (Linux), Wavefunction, Inc., 18401 Von Karman Avenue, Suite 370, Irvine, CA 92612 
(www.wavefun.com). 
24
  PQS version 2.4, Parallel Quantum Solutions, 2013 Green Acres Road, Fayetteville, Arkansas 72703, USA (www.pqs-
chem.com). 
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Single crystal X-ray analysis of 2.23 and 2.31:  
 
Intensity data were collected from a yellow, prismatic specimen mounted on a Nonius Kappa 
CCD diffractometer using Mo-Kα radiation (λ = 0.71069 Å) with the crystal cooled in a stream 
of N2 from a Cryostream cooler (Oxford Cryosystems, UK).  The data-collection strategy 
(program COLLECT25) involved suiTable combinations of 1.0° ϕ- and ω-scans using 20 s 
exposure times. Program DENZO-SMN26 was used for cell refinement (2194 reflections in the 
θ-range 1.02-27.48°) and data reduction.  The structure was solved with program SHELXS8627 
and refined on F2 with SHELXL9728, all non-hydrogen atoms being modelled anistropically.  
Unequivocal assignment of the oxygen atom O13 was based on bond length considerations, 
thermal factor behaviour and the absence of attached H atoms, which instead were located on 
C12. All H atoms were located in difference electron-density maps and were included in 
idealized positions in a riding model with isotropic thermal parameters equal to 1.2 times those 
of their parent atoms.  In the final cycles of refinement, least-squares weights of the form w = 
1/[σ2(Fo)2 + (aP)2 +bP], P = [max(Fo2, 0) + 2Fc2]/3 were employed. Molecular parameters were 
calculated with PLATON29 and program ORTEP30 was used for illustrations.  CCDC-254583 
contains the supplementary crystallographic data for these compounds.  These data can be 
obtained free of charge at www.ccdc.cam.ac.uk/conts/retrieving,html [or from the Cambridge 
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK: fax: (internat.) +44-
1223/336-033; Email: deposit@ccdc.cam.ac.uk]. 
 
2.10.2 Synthesis of alcohols  
 
General method 
 
A portion of a solution of p-bromoanisole (1.5 equiv., 47.5 mmol) in anhydrous THF, was 
added to magnesium turnings (1.55 equiv., 49.0 g.atom) covered in anhydrous THF (50 cm3). 
A crystal of iodine was added to the reaction flask and the reaction initiated by gentle warming, 
whereupon the remainder of the 4-bromoanisole was added dropwise to the reaction mixture 
at such a rate as to maintain gentle refluxing of the solution. After 3 hours, a solution of the 
ketone (1 equiv., 31.6 mmol) in anhydrous THF was added slowly to the reaction mixture and 
then heated under reflux for 17 hours. The cooled mixture was poured into aqueous NH4Cl 
                                                 
25
 R. Hooft, COLLECT; Nonius, B.V., Delft, The Netherlands, 1998. 
26
 Z. Otwinowski, W. Minor, Methods Enzymol.,1997, 276, 307.   
27
 G. M. Sheldrick, Acta Crystallogr., Sect. A, 1990, A46, 467.  
28
 G. M. Sheldrick, SHELXL97, 1997, Program for Crystal Structure Refinement, University of Göttingen, Germany. 
29
  A. L. Spek, J. Appl. Crystallogr., 2003, 36, 7. 
30
 L. J. Farrugia, ORTEP-3 for Windows, Version 1.05; University of Glasgow, Galsgow, UK,1999,  J. Appl.  
Crystallogr., 1997, 30, 565.  
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solution and extracted with diethyl ether. The organic layer was washed with water, dried 
(Na2SO4) and the excess solvent removed in vacuo. The crude solid product was recrystallized 
from CH2Cl2/pet. ether (bp. 40-60°C) to give the alcohol. 
 
p-Bromoanisole (8.9g, 1.5 equiv., 47.5 mmol) in anhydrous THF, magnesium turnings (1.2 g, 
49.0 g.atom) and 6,11-dihydrodibenz[b,e]oxepin-11-one (6.6g, 31.6 mmol)  
gave 11-(4-methoxyphenyl)-6,11-dihydrodibenz[b,e]oxepin-11-ol (2.6) 
(1.85g, 60%) m.p. 103-104.5°C; νmax(CHCl3)/cm-1 3603 (s, free OH) and 3400 
(br, bonded OH); δH(CDCl3) 2.50 (1H, s, OH, D2O-exchangeable), 3.77 (3H, s, 
OCH3), 4.74 (1H, d, J = 13.9Hz, OCH2), 5.14 (1H, d, J = 13.9Hz, OCH2), 6.75-7.47 (10H, m, 
Ar-H), 7.96 (1H, d, J = 7.7Hz, Ar-H), 8.10 (1H, d, J = 7.8Hz, Ar-H); δC(CDCl3) 57.23 (OCH3), 
73.37 (OCH2), 80.16 (C-OH), 115.79, 122.97, 124.14, 124.24, 128.99, 129.90, 129.98, 130.0, 
130.06, 131.38 (CH, Ar), 135.57, 136.46, 142.25, 146.70, 156.91 and 161.05 (quat. Ar); 
HRMS: m/z 318.1250 (M+, 11.9%), 300 (7.8), 287 (6.1), 211 (32.4), 210 (100), 194 (6.8), 181 
(18), 165 (12.6), 135 (34.0), 91 (8.2); C21H17O2 requires M+, 318.1256. 
 
1-Bromo-4-methoxynaphthalene (5.17 g, 21.8 mmol) in anhydrous THF, magnesium turnings 
(0.55 g,  22.4 g.atom) and dibenzosuberenone (3.0 g, 14.5 mmol) yielded a crude residue 
which was recrystallized from CH2Cl2/hexane affording 5-(4-methoxynaphthalen-1-yl)-5H-
dibenzo[a,d]cyclohepten-5-ol (2.11) (4.00 g, 75%), m.p. 210.8-212.0°C; 
νmax(CHCl3)/cm-1 3602.6 (OH), 3065.7, 3046.0, 2960.2 (CH), 2841.0 (OCH3), 
1620.3 (naphthyl), 1593.9, 1513.7, 1483.4, 1461.8, 1389.5, 1364.9, 1325.5, 
1273.0, 1249.8, 1158.7, 1095.7, 1028.1, 1006.9, 977.8; δH(CDCl3) 2.75 (1H, s, 
OH), 3.92 (3H, s, OCH3), 6.43 (1H, d, J = 8.3Hz, Ar-H), 6.69 (2H, s, CH=CH), 6.75 (1H, d, J = 
8.3Hz, Ar-H), 7.09 (1H, d of t, J1 = 1.4 and J2 = 6.9Hz, Ar-H), 7.23-7.36 (5H, m, Ar-H), 7.55 
(3H, m, Ar-H), 8.22 (1H, dd, J1 = 0.9 and J2 = 8.4Hz, Ar-H), 8.38 (2H, d, J = 8.0Hz, Ar-H); 
δC(CDCl3) 55.8 (OCH3), 79.8 (C-OH), 102.0, 122.8, 124.3, 124.6, 125.9, 126.2, 126.6, 126.7 
(CH, Ar), 126.9 (quat. Ar), 128.8, 128.8 (CH, Ar), 131.3 (quat. Ar), 131.6 (CH, Ar), 132.4, 
133.5, 143.9, 155.9 (quat. Ar); HRMS: m/z 364.146332 (M+, 100%), 348 (12, C26H20O), 331 (8, 
C25H15O), 286 (9, C20H14O2), 209 (14, C15H13O), 192 (26, C15H12), 171 (19, C11H7O2), 158 (10, 
C11H10O), 131 (7, C10H11); C26H20O2 requires M+, 364.146330. 
 
4-Bromo-1-methoxy-2,6-dimethylbenzene (4.65 g, 21.6 mmol) in anhydrous THF, magnesium 
turnings (0.54 g, 22.3 g.atom) and dibenzosuberone (3.0 g, 14.4 mmol) yielded a crude 
residue that upon crystallization from benzene-pet. ether afforded 5-(4-methoxy-
3,5-dimethylphenyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ol (2.13) 
(2.93 g, 59.0%), m.p. 208.5-210.7°C; νmax(CDCl3)/cm-1 3603.9 and 3430.8 (OH), 
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3010.0, 1482.5, 1455.7, 1318.7, 1228.0, 1160.6, 1132.5, and 1015.0; δH(CDCl3) 2.16 (6H, s, 
2×CH3), 2.36 (1H, s, OH), 2.74 (2H, m, CH2-CH2), 2.97 (2H, m, CH2-CH2), 3.70 (3H, s, OCH3), 
6.64 (2H, s, Ar-H), 7.08-7.40 (6H, m, Ar-H), 8.06 (2H, d, J = 7.5Hz, Ar-H); δC(CDCl3) 16.6 
(2×CH3), 32.8 (CH2-CH2), 79.4 (OCH3), 125.8, 126.2, 127.4, 127.8, 130.9 (CH, Ar), 131.3, 
138.1, 144.1, 144.2 and 156.8 (quat. Ar); HRMS: m/z 344.17852 (M+, 52.03%), 326.16828 
(8.21, C24H22O), 209.09529 (45.95, C15H13O), 208.08839 (91.96, C15H12O), 191.08528 (10.75, 
C15H11), 180.09344 (24.97, C14H12), 163.07499 (100, C10H11O2), 136.08887 (16.99, C9H12O), 
and 131.04960 (9.99, C9H7O); C24H24O2 requires M+, 344.17763. 
 
p-Bromoanisole (2.16g, 11.5mmol) in anhydrous THF, magnesium turnings (0.30g, 12.0 
g.atom) and dibenzo[a,d][1,4]cyclooctadien-5-one (1.72g, 7.73 mmol) yielded a crude residue 
which was recrystallized from CH2Cl2/hexane affording 5-hydroxy-5-(4-
methoxyphenyl)dibenzo[a,d][1,4]cyclooctadiene (2.36) (1.43g, 56%), m.p. 96.3-98.7°C; 
νmax(CHCl3)/cm-1 3566.4 and 3353.9 (OH), 2963.2 (CH), 1612.9, 1571.7, 1498.7, 
1442.1, 1305.4, 1263.3, 1232.9, 1168.5, 1108.4, 1035.5, 841.8; δH(CDCl3) 1.70 
(2H, q, J = 6.0Hz, CH2-CH2-CH2), 2.42 (1H, s, OH), 2.71 (4H, m, CH2-CH2-CH2), 
3.81 (3H, s, OCH3), 6.84 (2H, d, J = 8.9Hz, Ar-H), 7.12 (4H, d, J =7.2Hz, Ar-H), 
7.21 (4H, m, Ar-H), 7.32 (2H, d of t, J1 = 3.4 and J2 = 8.9Hz, Ar-H); δC(CDCl3) 32.6 and 30.8 
(CH2-CH2-CH2), 55.6 (OCH3), 82.9 (C-OH), 113.5, 126.5, 127.9, 128.3, 130.0, 130.8 (CH, Ar), 
138.5, 142.5, 147.8, 158.3 (quat. Ar); HRMS: m/z 330.161041 (M+, 60.85%), 238.9024 (21.68, 
C16H15O2), 224.8934 (51.23, C15H13O2), 194.9133 (47.80, C14H11O), 177.9290 (33.75, 
C11H14O2), 164.9302 (25.87, C13H9), 134.9283 (29.19, C8H7O2), 90.9818 (100, C7H7), 76.9738 
(48.51, C6H6); C23H22O2 requires M+, 330.161980. 
 
p-Bromo-N,N-dimethylaniline (4.32g, 21.6 mmol) in anhydrous THF, magnesium 
turnings (0.54 g, 22.3 g.atom) and dibenzosuberone     (3.0 g, 14.4 mmol) yielded a 
crude residue which was recrystallized from CH2Cl2/hexane affording 5-(4-N,N-
dimethylphenyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ol (2.39) (3.79 
g, 80%) m.p.119.6-121.0°C; νmax(CHCl3)/cm-1 3538.4 (OH), 1632.0, 1608.4 (w), 
1523.7, 1477.9, 1223.0, 1160.8, 866.2, 796.1; δH(CDCl3) 2.30 (1H, s, OH), 2.72 (2H, m, 
CH2CH2), 2.93 (6H, s, CH3-N-CH3), 2.95 (2H, m, CH2CH2), 6.58 (2H, d, J = 6.9Hz, Ar-H), 6.88 
(2H, d, J = 6.8Hz, Ar-H), 7.10 (2H, d, J1 = 1.3 and J2 = 7.3Hz, Ar-H), 7.28 (4H, m, Ar-H), 8.11 
(2H, d, J1 = 1.5 and J2 = 7.7Hz, Ar-H); δC(CDCl3) 32.8 (CH2CH2), 40.8 (CH3-N-CH3), 79.4 (C-
OH), 112.6, 126.0, 126.1, 127.7, 127.9, 130.8 (CH, Ar), 136.9, 138.3, 144.6, 150.2 (quat. Ar); 
HRMS: m/z 329.177886 (M+, 42%), 208 (100, C15H12O), 178 (28.5, C14H10), 165 (25, C13H9), 
148 (27, C9H10NO), 122 (75, C8H12N), 91 (9, C7H7), 77 (15, C6H5); C23H23NO requires M+, 
329.177964. 
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p-Bromo-2,6-di-t-butylanisole (3.25g, 10 mmol) in anhydrous THF, magnesium turnings (0.27g, 
11.1 g.atom) and dibenzosuberenone (1.5g, 7.3 mmol) yielded a crude residue which was 
recrystallized from CH2Cl2/hexane affording 5-(3,5-di-t-butyl,4-methoxyphenyl) -5H-
dibenzo[a,d]cyclohepten-5-ol (2.41) (1.5g, 50%) m.p. 117.8-120.0°C; 
νmax(CHCl3)/cm-1 3604.9 and 3492.1 (OH), 3067.2, 3011.7, 2963.5 (CH), 
1483.8, 1454.0, 1414.1, 1361.9, 1320.0, 1264.8, 1226.0, 1171.9, 1115.9, 
1014.0, 890.0, 799.0; δH(CDCl3) 1.18 (18H, s, t-butyl), 2.28 (1H, s, OH), 3.59 
(3H, s, OCH3), 6.48 (2H, s, Ar-H), 6.52 (2H, s, CH=CH), 7.32 (4H, m, Ar-H), 7.50 (2H, dd, J1 = 
2.6 and J2 = 7.0Hz, Ar-H), 8.21 (2H, d, J = 7.9Hz, Ar-H); δC(CDCl3) 32.3 (CH3, t-butyl), 35.9 
(quat. t-butyl), 64.4 (OCH3), 79.2 (C-OH), 124.8, 125.9, 126.9, 128.3, 128.8 (CH, Ar), 131.4, 
133.8, 139.6, 142.4, 143.3, 158.9 (quat.Ar); HRMS: m/z 426.254967 (M+, 100%), 369.1936 
(22.59, C26H25O2), 247.1806 (40.58, C18H15O), 208.0965 (35.08, C15H12O), 207.0814 (77.71, 
C15H11O), 191.0952 (52.12, C15H11), 178.0862 (66.13, C14H10), 165.0808 (11.57, C13H9), 
152.0665 (10.38, C12H8), 91.0596 (10.58, C7H7), 77.0454 (6.26, C6H6); C30H34O2 requires M+ 
426.255881. 
 
2.10.3 Demethylation using TFA  
 
General method 
 
11-(4-Methoxyphenyl)-6,11-dihydrodibenz[b,e]oxepin-11-ol (2.6) 
(3.1 g, 10.8 mmol) was dissolved in dichloromethane (100 cm3) 
and trifluoroacetic acid (7.5g, 65.8 mmol) and water (2.0 g, 
110 mmol) added to the reaction mixture, which was 
subsequently stirred at room temperature for 72 hours. The reaction mixture was treated with 
20% NaOH, the organic layer separated, washed with water (100 cm3) and dried (Na2SO4). 
The solvent was evaporated to afford 4-(6H-dibenzo[b,e]oxepin-11-ylidene)cyclohexa-2,5-
dienone (2.21)11 (1.8 g, 58%), m.p. 199.0-201.5C; λmax (CH2Cl2) 336 
(log ε 4.10) and 384 (log ε 4.09);  νmax(CHCl3)/cm-1 1632.5 (s, C=O); δH(CDCl3) 4.71 (1H, d, J = 
12.5Hz, OCH2), 5.55 (1H, d, J = 12.6Hz, OCH2), 6.41 (1H, d, J = 10.1Hz, -CH=CH-C=O), 6.51 
(1H, d, J = 10.1Hz, -CH=CH-C=O), 6.88-8.50 (9H, m, 8H Ar-H and 1H –CH=CH-C=O) and 
7.73 (1H, dd, J1 = 10.1 and J2 = 2.4Hz, -CH=CH-C=O); δC (CDCl3; -30°C) 70.0, (O CH2), 120.6, 
120.9, 123.1, 127.7, 128.9, 129.1, 129.5, 129.5, 129.8, 130.2, 132.6, 132.6 (CH, Ar), 133.7, 
138.1, 138.8, 140.7, 156.3, 158.6 (quat.Ar), and 187.9 (C=O); HRMS: m/z 286.10054 (M+, 
100%), 257 (32), 239 (8), 229 (11), 215 (9), 202 (8), 165 (13) and 101 (11); C20H14O2 requires 
M+, 286.09938. 
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5-(4-Methoxynaphthalen-1-yl)-5H-dibenzo[a,d]cyclohepten-5-ol (2.11) (3.0 g, 8.23 mmol) 
afforded 4-(dibenzo[a,d]cyclohepten-5-ylidene)-4H-naphthalen-1-one (2.26) 
(2.32g, 85%), m.p. 194.3-195.2°C, λmax (CH2Cl2) 288 nm (log ε 4.44), 355 nm (log 
ε 4.21); νmax(CHCl3)/cm-1 3064.0 and 3010.8 (CH), 1645.4 (C=O), 1597.5, 1560.7, 
1542.5, 1483.8, 1466.2, 1401.5, 1300.5, 1212.1, 1156.3, 880.7, 840.2; δH(CDCl3) 
6.48 (1H, d, J = 10.3Hz, Ar-H), 6.59 (1H, d, J = 8.2Hz, Ar-H), 7.0-7.12 (4H, m, 2H Ar-H and 2H 
CH=CH), 7.29-7.55 (9H, m, Ar-H and CH=CH-C=O), 8.21 (1H, d, J1 = 1.4 and J2 = 7.9Hz, Ar-
H); δC(CDCl3) 126.8, 127.0, 127.3 (CH, Ar), 127.7 (quat. Ar), 128.1, 128.2, 128.3, 128.4, 128.4, 
129.0, 129.1, 129.4, 129.8, 130.6, 131.2, 131.6 (CH, Ar), 133.1, 133.6, 134.5, 135.8, 137.1, 
138.7 (quat. Ar), 141.9 (CH, Ar), 149.9 (quat. Ar), 185.9 (C=O); HRMS: m/z 332.120228 (M+, 
100%), 303.1278 (42.74, C24H15), 302.1227 (31.22, C24H14), 289.1187 (12.15, C23H13), 
276.1087 (8.46, C22H12), 150.0502 (8.16, C10H14O), 144.5555 (5.61, C10H8O); C25H16O requires 
M+, 332.120115. 
 
5-Hydroxy-5-(4-methoxyphenyl)dibenzo[a,d][1,4]cyclooctadiene (2.36) (1.0 g, 3.03 mmol) 
afforded 4-(dibenzo[a,d][1,4]cycloocten-5-ylidene)cyclohexa-2,5-dienone (2.37) (0.1 g, 
10%) as an impure orange gum, νmax(CHCl3)/cm-1 3021.2 and 2939.6 (CH), 
1640.6 (C=O), 1535.8 (Ar), 1442.6, 1215.4, 1157.1, 871.7, 743.6; δH(CDCl3) 1.90 
(1H, s (broad), CH2-CH2-CH2), 2.15 (1H, s (broad), CH2-CH2-CH2), 2.82-2.90 (4H, 
m, CH2-CH2-CH2), 6.43 (2H, d, J = 10.1Hz, CH=CH-C=O), 7.30-7.51 (10H, m, 8H Ar-H and 2H  
-CH=CH-C=O); δC(CDCl3) 28.3 and 36.7 (CH2-CH2-CH2), 115.1, 116.5, 126.7, 127.5, 128.8, 
129.8 (CH, Ar), 130.1 (quat. Ar), 130.7, 137.9 (CH, Ar), 140.1, 161.4, 169.9 (quat. Ar), 187.8 
(C=O); HRMS: m/z 298.135757 (M+, 100%), 269.0028 (16.77, C20H13O), 240.9748 (18.42, 
C19H13), 205.0105 (28.11, C16H13), 164.9800 (9.04, C13H9), 91.0022 (9.06, C7H7), 27.9923 
(15.17, CO); C22H18O requires M+, 298.135765. 
 
2.10.4 Demethylation using BBr3S(CH3)2 
 
General method 
 
5-(3,5-Di-t-butyl-4-methoxyphenyl)-5H-dibenzo[a,d]cyclohepten-5-ol (2.41), (1.0 g, 23.4 mmol) 
was dissolved in dichloromethane and BBr3S(CH2)2 (2 equivalents, 46.8 mmol) was added. 
The reaction mixture was stirred at room temperature and the progress of the reaction was 
followed by TLC. After the reaction had gone to completion (2-24 hours), dilute sodium 
carbonate was added to the reaction mixture and the organic extract was washed with water 
and dried over anhydrous sodium sulfate before removing the solvent in vacuo. Preparative 
thin-layer chromatography (using hexane:dichloromethane (1:1) as eluent) gave 4-
(dibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5-di-tert-butyl-2,5-dienone (2.42) as a 
O
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yellow powder; (0.74g, 80%) m.p. 226.6-227.8°C; λmax (CH2Cl2) 334 nm (log ε 
4.27), 417 nm (log ε 4.26); νmax(CHCl3)/cm-1 3008.2, 2959.5, 2866.3 (CH), 1609.8 
(C=O), 1562.2, 1532.5, 1484.3, 1456.5, 1363.0, 1339.1, 1255.9, 1103.0, 965.5, 
879.2; δH(CDCl3) 1.20 (18H, s, t-butyl), 7.02 (2H, s, HC=C-C=O), 7.09 (2H, s, 
CH=CH), 7.34-7.50 (8H, m, Ar-H); δC(CDCl3) 29.8 (CH3, t-butyl), 35.7 (quat. C, t-butyl), 128.1, 
128.3, 128.9, 129.4 (CH, Ar), 129.6 (quat. Ar), 130.4, 131.5 (CH, Ar), 134.6, 136.9, 148.3, 
152.2 (quat. Ar), 186.7 (C=O); HRMS: m/z 394.229003 (M+, 51.07%), 379.205610 (79.05, 
C28H27O), 337.160253 (52.11, C25H21O), 190.082527 (36.52, C15H10), 57.072844 (70.29, C4H9); 
C29H30O requires M+, 394.229666. 
 
5-(3,4-dimethoxyphenyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ol  (1.0g, 28.8 mmol) 
and BBr3S(CH3)2 (2 equivalents, 57.6mmol) was stirred in dichloromethane at room 
temperature for 2 hours to give after PLC (1:1 hexane/CH2Cl2), 5-(3,4-dihydroxyphenyl)-5H-
dibenzo[a,d]cycloheptene (2.43) (0.48 g, 55%) m.p. 149.0-150.4°C; 
νmax(CHCl3)/cm-1 3595.5, 3554.0 and 3419.9 (OH), 3062.5, 3010.7, 2929.8 
(CH), 1606.4, 1514.1, 1436.1, 1361.9, 1316.9, 1279.0, 1253.7, 1185.6, 1162.1, 
1101.2, 961.0, 881.8, 829.5; δH(CDCl3) 5.11 (1H, s (broad), phenolic OH), 5.30 
(1H, s, CH), 5.39 (1H, s (broad), phenolic OH), 6.01 (1H, d, J = 7.9Hz, Ar-H), 6.12 (1H, s, Ar-
H), 6.51 (1H, d, J = 8.1Hz, Ar-H), 6.73 (2H, s, CH=CH), 7.30-7.49 (8H, m, Ar-H); δC(CDCl3) 
57.4 (CH), 114.6, 114.9, 120.2, 127.1, 128.9, 130.2, 130.8, 131.2 (CH, Ar), 135.1, 135.4, 
140.8, 141.9, 142.9 (quat. Ar); HRMS: m/z 300.115075 (M+, 89.16%), 190.8898 (70.86, 
C15H11), 189.8827 (45.83, C15H9), 177.9029 (41.07, C14H10), 164.9084 (29.10, C13H9), 125.9193 
(12.12, C10H6), 109.9258 (10.79, C6H5O2), 62.9628 (24.32), 28.0343 (100, CO); C21H16O2 
requires M+ 300.115030. 
 
2.10.5 Microwave-assisted demethylation using pyridine hydrochloride 
 
General method 
O
H3CO
O
O
OH + H
O
HO
 
1,3-Dimethyl-11-(4-methoxyphenyl)-6,11-dihydrodibenzo[b,e]oxepin-11-ol (2.15) (1 g, 28.9 
mmol) and pyridine hydrochloride (excess) was irradiated in a beaker (covered with a glass lid) 
for 1 minute at 150 W, with pauses every 15 s to cool the beaker and prevent evaporation of 
pyridine. Water was poured onto the cooled pyr.HCl melt and the mixture extracted with ether. 
The ethereal extracts were combined, dried (Na2SO4) and the solvent evaporated to give after 
PLC: 
O
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1. 4-(1,3-dimethyl-6H-dibenzo[b,e]oxepin-11-ylidene)cyclohexa-2,5-dienone (2.30) (0.06g, 
7%), m.p. 178.5-179.6°C; νmax(CHCl3)/cm-1 1633.4 (C=O), 1612.8, 1576.5, 1557.9, 1530.7, 
1479.3, 1437.6, 1382.5, 1301.9, 1282.3, 1221.1, 1163.3 and 1073.3; δH(CDCl3) 2.24 (3H, s, 
CH3), 2.30 (3H, s, CH3), 4.96 (1H, d, J = 14.6Hz, OCH2), 5.53 (1H, d, J = 14.6Hz, OCH2), 6.45 
(2H, dd, J1 = 1.1 and J2 = 10.1Hz, CH=CH-C=O),  6.76 (1H, s, Ar-H), 6.80 (1H, s, Ar-H), 7.2-
7.4 (5H, m, 4H Ar-H and 1H –CH=CH-C=O) and 7.53 (1H, dd, J1 = 2.3 and J2 = 10.2Hz, C=C-
H); δC(CDCl3) 20.8 (CH3), 21.5 (CH3), 72.2 (OCH2), 119.2, 126.4, 127.8, 127.9 (CH, Ar), 127.9 
(quat. Ar), 128.5, 129.4, 129.7, 129.8 (CH, Ar), 130.2, 135.3, 135.7 (quat. Ar), 137.3, 138.4 
(CH, Ar), 138.5, 141.1, 154.9, 155.9 (quat. Ar), and 187.5 (C=O); HRMS: m/z 314.13102 (M+, 
100%), 313.12149 (18.35), 285.12653 (15.46, C21H17O), 271.11244(12.18, C20H15O), 
226.07923 (4.98, C18H10) and 165.07027 (6.51, C13H9); C22H18O2 requires M+, 314.13068. 
 
2. 9-(4-hydroxyphenyl)-1,3-dimethyl-anthracen-10-(9H)-one (2.44), (0.32 g, 35%), m.p. 
227.8-230.0°C; νmax(CHCl3)/cm-1 3594.6 and 3321.9 (OH), 3009.6 (CH), 1654.8 (C=O), 
1598.6, 1510.9, 1472.3, 1325.3, 1258.7, 1207.3, 1172.2, 1104.0 and 824.2; δH(CDCl3) 2.24 
(3H, s, CH3), 2.40 (3H, s, CH3), 5.37 (1H, s, CH), 5.82 (1H, s (broad), phenolic OH), 6.64 (2H, 
d, J = 8.6Hz, Ar-H), 6.90 (2H, d, J = 8.6Hz, Ar-H), 7.22 (1H, s, Ar-H on H2), 7.35 (1H, m, Ar-H), 
7.50 (2H, m, Ar-H), 8.05 (1H, s, Ar-H), 8.25 (1H, d, J = 7.6Hz, Ar-H); δC(CDCl3) 20.1 and 21.4 
(CH3), 46.5 (CH), 116.2, 125.8, 127.30, 127.80, 129.2, 129.6 (CH, Ar), 130.7, 132.4 (quat. Ar),  
133.7 (CH, Ar), 134.7, 137.0 (quat. Ar), 137.2 (CH, Ar), 137.4, 140.1, 146.2 and 154.8 (quat. 
Ar), 186.9 (C=O); HRMS: m/z 314.130667 (M+, 100%), 299.1197 (19.03, C21H15O2), 271.1209 
(11.84, C20H15O), 221.1088 (33.14, C16H13O), 178.0859 (14.19, C14H10), 165.0788 (6.79, 
C13H9); C22H18O2 requires M+ 314.130680. 
 
2.10.6 General procedure for synthesis of 3-methoxy-11-aryl-6,11-dihydrodibenzo-[b,e]-
oxepin-11-ols 
 
A portion of a solution of aryl bromide (1.5 equiv., 18.7 mmol) in anhydrous THF, was added to 
magnesium turnings (1.55 equiv., 19.3 g.atom) covered in anhydrous THF (50 cm3). A crystal 
of iodine was added to the reaction flask and the reaction initiated by gentle warming, 
whereupon the remainder of the bromobenzene was added dropwise to the reaction mixture at 
such a rate as to maintain gentle refluxing of the solution. After 3 hours, a solution of the 
ketone (1 equiv., 12.5 mmol) in anhydrous THF was added slowly to the reaction mixture and 
then heated under reflux for 17 hours. The cooled mixture was poured into aqueous NH4Cl 
solution and extracted with diethyl ether. The organic layer was washed with water, dried 
(Na2SO4) and the excess solvent removed in vacuo. The crude solid product was recrystallized 
from CH2Cl2/pet. ether (bp. 40-60°C) to give the alcohol. 
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Bromobenzene (2.9 g, 18.7 mmol) in anhydrous THF, magnesium turnings (0.47 g, 19.3 
g.atom) and 3-methoxy-6H-dibenzo[b,e]oxepin-11-one (3.0 g, 12.5 mmol) afforded 3-
methoxy-11-phenyl-6,11-dihydrodibenzo[b,e]oxepin-11-ol (2.47), (2.86g, 
72%), m.p. 144.5-146.0°C; νmax(CHCl3)/cm-1 3602.1 and 3392.2 (OH), 2837.2 
(OCH3), 1615.2, 1573.2 (Ar), 1498.2 1442.4, 1315.5, 1235.6, 1201.1, 1166.0, 
1125.8, 1032.9 and 905.7; δH(CDCl3) 2.39 (1H, s, OH), 3.80 (3H, s, OCH3), 
4.69 (1H, d, J = 13.6Hz, OCH2), 5.09 (1H, d, J = 13.6Hz, OCH2), 6.48 (1H, d J = 2.6Hz, Ar-H), 
6.67 (1H, dd J1 = 2.6 and J2 = 8.9Hz, Ar-H), 7.1-7.52 (8H, m, Ar-H), 7.85 (1H, d, J = 8.9Hz, Ar-
H) and 8.00 (1H, d, J = 7.4Hz, Ar-H); δC(CDCl3) 55.7 (OCH3), 71.5 (OCH2), 78.9 (C-OH), 105.9 
(quat. Ar), 108.4, 125.5, 127.1, 127.1, 128.2, 128.3, 128.7, 128.8, 128.9, 128.9 (CH, Ar), 
133.7, 145.6, 148.5, 156.4, 160.9 (quat. Ar); HRMS: m/z 318.12624 (M+, 55.65%), 241.08839 
(100, C15H13O3), 213.09101 (24.58, C14H13O2), 165.06957 (6.17, C13H9), 105.03423 (10.72, 
C7H5O) and 77.03881 (9.02, C6H5); C21H18O3 requires M+, 318.12559. 
 
p-Bromoanisole (3.5 g, 18.7 mmol) in anhydrous THF, magnesium turnings (0.47 g, 19.3 
g.atom) and 3-methoxy-6H-dibenzo[b,e]oxepin-11-one (3.0 g, 12.5 mmol) afforded 3-
methoxy-11-(4-methoxy-phenyl)-6,11-dihydro-dibenzo[b,e]oxepin-11-ol (2.48), (1.30 g, 
30%), m.p. 100.0-102.2 °C; νmax(CHCl3)/cm-1 3603.4 (OH), 3008.9 (CH), 
2837.9 (OCH3), 1613.3 and 1579.4 (Ar), 1501.4, 1464.5, 1441.6, 1414.9, 
1376.5, 1252.4, 1126.2 and 1035.8; δH(CDCl3) 2.45 (1H, s, OH), 3.78 (3H, s, 
OCH3), 3.80 (3H, s, OCH3), 4.68 (1H, d, J = 13.5Hz, OCH2), 5.12 (1H, d, J = 
13.5Hz, OCH2), and 6.4-8.1 (11H, m, Ar-H); δC(CDCl3) 55.6 and 55.7 (OCH3), 71.4 (OCH2), 
78.5 (C-OH), 105.8, 108.3, 114.1, 125.3 (CH, Ar), 125.5 (quat. Ar), 128.2, 128.5, 128.7, 128.8, 
129.0 (CH, Ar), 133.6, 140.9, 146.0, 156.4, 159.45, 160.9 (quat. Ar); HRMS: m/z 348.13708 
(M+, 100%), 331.13306 (20.44, C22H19O3), 241.08609 (93.00), 240.07859 (90.38, C15H12O3), 
213.09112 (53.62), 212.08274 (27.12), 181.06507 (20.43, C13H9O) and 135.04474 (82.98, 
C8H7O2); C22H20O4 requires M+, 348.13616. 
 
1-Bromo-4-methoxynaphthalene (4.43 g, 18.7 mmol) in anhydrous THF, magnesium turnings 
(0.47 g, 19.3 g.atom) and 3-methoxy-6H-dibenzo[b,e]oxepin-11-one (3.0 g, 
12.5 mmol) afforded 3-methoxy-11-(4-methoxy-naphthalen-1-yl)-6,11-
dihydro-dibenzo[b,e]oxepin-11-ol (2.49), (2.0 g, 40%) as a yellow gum; 
νmax(CHCl3)/cm-1 3600.5 and 3413.5 (OH), 2960.3 (CH), 2839.7 (OCH3), 
1613.4 (naphthyl), 1586.8, 1497.6, 1462.0, 1442.0, 1372.6, 1326.0, 1310.0, 1274.9, 1247.7, 
1160.6, 1094.8, 1041.5, 1030.8; δH(CDCl3) 2.85 (1H, s, OH), 3.76 (3H, s, OCH3), 4.04 (3H, s, 
OCH3), 5.07 (1H, d, J = 13.3Hz, OCH2), 5.08 (1H, d, J = 13.3Hz, OCH2), 6.49 (1H, dd, J1 = 2.7 
and J2 = 9.7Hz, H2, Ar), 6.51 (1H, s, H4, Ar), 6.80 (1H, d, J = 9.6Hz, H1, Ar), 7.17 (2H, 2 
overlapping triplets, H8 and H9, Ar-H), 7.26 (2H, m, naphthyl H), 7.34 (1H, t, J = 9.4Hz, 
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naphthyl H), 7.42 (1H, d, J = 9.4Hz, Ar-H),  7.61 (2H, d, J = 8.2Hz, naphthyl H), 7.78 (1H, d, J 
= 8.6Hz, H7), 8.10 (1H, d, J = 8.4Hz, H10, Ar-H); δC(CDCl3) 55.7 and 55.9 (OCH3), 72.7 (OCH2), 
80.1 (C-OH), 102.7, 105.8, 108.7, 122.7, 125.1, 126.4, 127.0, 127.1, 127.1, 127.3 (CH, Ar), 
127.7 (quat. Ar), 128.2, 128.9, 129.3, 129.4 (CH, Ar), 131.6, 133.84, 133.9, 146.3, 156.1, 
156.9, 160.7 (quat. Ar); HRMS: m/z 398.151765 (M+, 18.59%), 241.0780 (64.61, C15H13O3), 
240.0693 (100, C15H12O3), 213.0839 (16.94, C14H13O2), 185.0589 (38.14, C12H9O2), 158.0711 
(12.99, C11H10O), 115.0551 (22.07, C9H7), 91.0549 (11.13, C7H7); C26H22O4 requires M+, 
398.151809. 
 
1-Bromomesitylene (3.72 g, 18.7 mmol) in anhydrous THF, magnesium turnings (0.47 g, 19.3 
g.atom) and 3-methoxy-6H-dibenzo[b,e]oxepin-11-one (3.0 g, 12.5 mmol) afforded 3-
methoxy-11-(2,4,6-trimethyl-phenyl)-6,11-dihydro-dibenzo[b,e]oxepin-11-
ol (2.50), (2.70 g, 60%) as a brown crude gum; it was not isolated, but 
immediately subjected to demethylation with TFA to give 2.59 in 50% yield. 
 
p-Bromo-4-trifluoromethylbenzene (4.2 g, 18.7 mmol) in anhydrous THF, magnesium turnings 
(0.47 g, 19.3 g.atom) and 3-methoxy-6H-dibenzo[b,e]oxepin-11-one (3.0 g, 
12.5 mmol) afforded 3-methoxy-11-(4-trifluoromethyl-phenyl)-6,11-
dihydro-dibenzo[b,e]oxepin-11-ol (2.51), (1.70 g, 35%) as an orange gum; 
νmax(CHCl3)/cm-1 3600.4 and 3374.0 (OH), 3062.5, 2943.6 (CH), 2838.0 
(OCH3), 1616.4 (aromatic), 1572.8, 1498.5, 1465.1, 1441.8, 1327.5, 1235.3, 1169.2, 1131.7, 
1068.1, 1032.8, 911.9, 845.8; δH(CDCl3) 2.77 (1H, s, OH), 3.80 (3H, s, OCH3), 5.75 (1H, d, J = 
14.1Hz, OCH2), 5.07 (1H, d, J = 14.1Hz, OCH2), 6.52 (1H, d, J = 2.6Hz, Ar-H), 6.68 (1H, dd, J1 
= 2.7 and J2 = 8.8Hz, Ar-H), 7.15 (1H, d, J = 7.4Hz, Ar-H), 7.25 (1H, d, J = 8.1Hz, Ar-H), 7.35 
(1H, t, J1 = 1.3 and J2 = 7.4Hz, Ar-H), 7.43 (1H, t, J1 = 1.2 and J2 = 7.5Hz, Ar-H), 7.52 (2H, d, J 
= 8.3Hz, Ar-H), 7.79 (1H, d, J = 8.8Hz, Ar-H), 7.97 (1H, d, J1 = 1.1 and J2 = 7.8Hz, Ar-H);  
δC(CDCl3) 55.8 (OCH3), 66.2 (C-OH), 72.1 (OCH2), 106.4, 109.1, 125.7 (CH, Ar),  125.7 (CF3), 
125.8, 125.9, 126.1, 126.2 (CH, Ar), 126.4 (quat. Ar), 127.5, 128.5 (CH, Ar), 128.6, 128.7, 
134.1, 152.0, 161.1, 167.2 (quat.Ar); HRMS: m/z 386.112904 (M+, 82.13%), 241.1176 (100, 
C15H13O3), 213.1213 (25.07, C14H13O2), 173.0502 (18.59, C8H4F3O), 145.0455 (9.73, C7H4F3), 
85.9646 (43.18, C2H5F3), 83.9675 (65.87, C2H3F3); C22H17F3O3 requires M+, 386.112979. 
 
1-Bromomesitylene (3.72 g, 18.7 mmol) in anhydrous THF, magnesium turnings (0.47 g, 19.3 
g.atom) and 3-methoxy-6H-dibenzo[b,e]thiepin-11-one (3.0 g, 12.5 mmol) afforded 3-
methoxy-11-(2,4,6-trimethyl-phenyl)-6,11-dihydro-dibenzo[b,e]thiepin-
11-ol (2.52), (2.80 g, 60%), m.p. 146.9-148.2°C; νmax(CHCl3)/cm-1 3605.1 
and 3388.0 (OH, H-bonded), 3008.7, 2963.4, 2939.0 (CH), 2838.3 (OCH3), 
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1597.4 (Ar), 1565.5 (w, Ar), 1484.4, 1464.4, 1287.5, 1233.5, 1041.1, 1004.9, 854.2; δH(CDCl3) 
1.82 (6H, s, CH3), 2.29 (3H, s, CH3), 2.53 (1H, s (broad), OH), 3.40 (1H, d, J = 12.6Hz, SCH2), 
3.70 (1H, d, J = 12.6Hz, SCH2), 3.72 (3H, s, OCH3), 6.63 (1H, d, J = 2.7Hz, H4, Ar-H), 6.72 
(1H, dd, J1 = 2.7 and J2 = 8.9Hz, Ar-H), 6.82 (2H, m, Ar-H), 7.04 (1H, d, J1 = 1.1 and J2 = 
7.4Hz, Ar-H), 7.19 (1H, t, J1 = 1.3 and J2 = 7.4Hz, Ar-H), 7.29 (1H, t, J1 = 1.4 and J2 = 7.3Hz, 
Ar-H), 7.90 (1H, d, J = 7.9Hz, Ar-H), 7.98 (1H, d, J = 8.9Hz, Ar-H); δC(CDCl3) 21.0 and 21.1 
and 23.9 (CH3), 34.8 (SCH2), 55.6 (OCH3), 79.7 (C-OH), 112.5, 115.5, 123.8, 126.3, 127.9, 
128.9, 129.9, 130.6, 132.3 (CH, Ar), 133.7, 136.7, 138.0, 138.6, 139.0, 148.8, 158.9 (quat.Ar); 
HRMS: m/z 376.150083 (M+, 68.38%), 359.1117 (38.36, C24H23OS), 326.1371 (50.39, 
C23H18S), 257.0428 (53.15, C15H13O2S), 256.0331 (66.02, C15H12O2S), 229.0496 (37.38, 
C14H13OS), 228.0426 (31.45, C14H12OS), 225.0654 (48.41, C10H15O), 196.0721 (46.25, 
C13H8S), 147.0679 (100, C10H11O), 119.0650 (35.74, C9H11), 91.0456 (30.48, C7H7); C24H24O2S 
requires M+ 376.149702. 
 
Bromobenzene (2.9 g, 18.7 mmol) in anhydrous THF, magnesium turnings (0.47 g, 19.3 
g.atom) and 3-methoxy-6H-dibenzo[b,e]thiepin-11-one (3.0 g, 12.5 mmol) 
afforded 3-methoxy-11-phenyl-6,11-dihydrodibenzo[b,e]thiepin-11-ol (2.53), 
(3.13 g, 75%), m.p. 180.0-183.0°C; νmax(CHCl3)/cm-1 3611.1 and 3450.9 (OH), 
3021.7, 2970.2, 2930.2 (CH), 2867.2(OCH3), 1597.0 (aromatic), 1488.3, 1282.3, 1207.9, 
1133.5, 1076.3, 1030.5, 778.7, 738.6; δH(CDCl3) 2.27 (1H, s, OH), 3.20 (1H, d, J = 13.7Hz, 
SCH2), 3.65 (1H, d, J = 13.7Hz, SCH2), 3.77 (3H, s, OCH3), 6.71 (1H, d, J = 2.5Hz, Ar-H), 6.74 
(1H, dd, J1 = 2.7 and J2 = 8.7Hz, Ar-H), 7.16 (1H, dd, J1 = 1.2 and J2 = 7.3Hz, Ar-H), 7.22-7.38 
(7H, m, Ar-H), 7.98 (1H, d, J = 8.9Hz, Ar-H), 8.10 (1H, d, J1 = 1.4 and J2 = 7.8Hz, Ar-H); 
δC(CDCl3) 34.5 (SCH2), 55.6 (OCH3), 79.1 (C-OH), 111.4, 113.7, 125.4, 127.2, 128.2, 128.3, 
128.7, 128.8, 129.4, 129.8 (CH, Ar), 131.5, 132.3, 135.5, 145.6, 146.3 and 159.2 (quat.Ar); 
HRMS: m/z 334.102765 (M+, 90.83%), 315.7797 (28.57, C21H16SO), 256.8836 (68.35, 
C15H13SO2), 224.8674 (70.05, C14H9SO), 195.9449 (56.88, C14H11O), 164.9902 (18.30, C13H9), 
104.9251 (41.04, C8H9), 91.0078 (18.23, C7H7), 76.9914 (100, C6H5); C21H18O2S requires M+, 
334.102752. 
 
p-Bromo-N,N-dimethylaniline (3.74 g, 18.7 mmol) in anhydrous THF, magnesium turnings 
(0.47 g, 19.3 g.atom) and 3-methoxy-6H-dibenzo[b,e]thiepin-11-one (3.0 g, 
12.5 mmol) afforded 3-methoxy-11-(4-N,N-dimethyl-phenyl)-6,11-dihydro-
dibenzo[b,e]thiepin-11-ol (2.54), (3.86 g, 82%), m.p. 135.5-137.4°C; 
νmax(CHCl3) 3603.2 (OH), 3006.9 2936.7 (CH), 2838.0 (OCH3), 1598.2 
(aromatic), 1561.5, 1518.3, 1485.1, 1445.6, 1357.0 1322.4, 1284.7, 1235.7, 1153.8, 1041.1, 
908.7, 822.2; δH(CDCl3) 2.31 (1H, s, OH), 2.99 (6H, s, N(CH3)2), 3.20 (1H, d, J = 13.4Hz, 
SCH2), 3.77 (3H, s, OCH3), 3.89 (1H, d, J  = 13.4Hz, SCH2), 6.67 (2H, d, J = 8.9Hz, Ar-H), 6.70 
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(1H, s, Ar-H), 6.71 (1H, d, J1 = 2.7Hz, Ar-H), 7.08 (2H, d, J = 8.9Hz, Ar-H), 7.14 (1H, dd, J1 = 
1.3 and J2 = 7.3Hz, Ar-H), 7.26 (1H, t, J1 = 1.4 and J2 = 7.4Hz, Ar-H), 7.37 (1H, t, J1 = 1.4 and 
J2 = 7.7Hz, Ar-H), 7.99 (1H, d, J = 8.9Hz, Ar-H), 8.09 (1H, dd, J1 = 1.4 and J2 = 7.8Hz, Ar); 
δC(CDCl3) 34.6 (SCH2), 40.8 (N(CH3)2), 55.7 (OCH3), 78.6 (C-OH), 111.2, 112.7, 113.6, 125.5, 
128.1, 128.2, 128.4, 128.5, 129.7 (CH, Ar), 132.2, 132.5, 134.0, 135.5, 146.2, 150.6, 158.9 
(quat. Ar); HRMS: m/z 377.144812 (M+, 34.17%), 256.046265 (100, C15H12O2S), 223.075175 
(22.16, C14H7OS), 152.055336 (31.31, C9H14NO), 122.095349 (83.23, C8H12N), 91.055876 
(55.87, C7H7); C23H23NO2S requires M+, 377.144951. 
 
2.10.7 Synthesis of 11-aryl-6H-dibenzo[b,e]oxepin-3-ones and 11-aryl-6H-dibenzo[b,e]-
6H-dibenzo[b,e]thiepin-3-ones 
 
The general method for TFA demethylation was used. 
 
3-Methoxy-11-(4-methoxy-phenyl)-6,11-dihydro-dibenzo[b,e]oxepin-11-ol (2.48), (1.0 g, 2.87 
mmol) afforded 11-(4-methoxyphenyl)-6H-dibenzo[b,e]oxepin-3-one (2.55), (0.18 g, 20%), 
m.p. 63.4-65.0°C; νmax(CHCl3)/cm-1 1626.1 (C=O), 1603.5, 1557.8, 1490.1, 
1350.3, 1290.7, 1212.2; δH(CDCl3) 3.92 (3H, s, OCH3), 5.03 (2H, s, OCH2), 
6.01 (1H, d, J = 2.0Hz, Ar-H), 6.24 (1H, d, J = 10.1Hz, Ar-H) and 6.95-7.55 (9H, 
m, Ar-H); δC(CDCl3) 55.8 (OCH3), 72.6 (OCH2), 109.1, 114.0, 126.7, 128.0, 
128.0 (CH, Ar), 128.4 (quat. Ar), 129.1, 131.5 (CH, Ar), 133.2 (quat. Ar), 134.7, 138.3 (CH, Ar), 
139.0, 139.1, 154.4, 160.5, 166.9 (quat. Ar) and 189.7 (C=O); HRMS: m/z 316.11029 (M+, 
100%), 288.11401 (14.09, C20H16O2), 273.09017 (4.05, C19H13O2), 260.11906 (9.51, C19H16O), 
245.09610 (10.31, C18H13O), 215.08516 (20.57, C17H11), 152.06181 (6.13, C12H8), 135.04504 
(3.91, C8H7O2); C21H16O3 requires M+, 316.10994. 
 
3-Methoxy-11-(4-methoxynaphthalen-1-yl)-6,11-dihydro-dibenzo[b,e]oxepin-11-ol (2.49), (1.0 
g, 2.51 mmol) afforded 4-(3-methoxy-6H-dibenzo[b,e]oxepin-11-ylidene)-
4H-naphthalen-1-one (2.57), (0.46 g, 50%), m.p. 226.9-229.8°C; 
νmax(CHCl3)/cm-1 3065.2, 3009.0, 2873.8 (CH), 2843.2 (OCH3), 1627.9 (C=O), 
1600.1, 1586.2, 1557.8, 1511.8, 1462.4, 1422.4, 1388.8, 1350.5, 1240.0, 
1182.7, 1125.2, 1105.5, 1092.4, 1024.8, 905.4, 866.4;δH(CDCl3) 4.1 (3H, s, OCH3), 5.22 (1H, 
d, J = 14.5Hz, OCH2), 5.27 (1H, J = 14.5Hz, OCH2), 6.05 (1H, s, Ar-H), 6.09 (1H, d, J = 
14.2Hz, Ar-H), 6.85 (2H, m, Ar-H), 6.95 (1H, d, J = 7.9Hz, Ar-H), 7.13 (1H, t, J1 = 1.7 and J2 = 
7.9Hz, Ar-H), 7.25 (2H, m, Ar-H), 7.30-7.51 (4H, m, Ar-H), 8.38 (1H, d, J = 8.3Hz, Ar-H); 
δC(CDCl3) 56.2 (OCH3), 72.8 (OCH2), 103.4 (CH, Ar), 104.6 (quat. Ar), 109.3, 122.9, 125.9, 
125.9, 126.2, 126.7, 128.2, 128.2 (CH, Ar), 128.3 (quat. Ar), 129.5 (CH, Ar), 130.0 (quat, Ar), 
131.5 (CH, Ar), 133.5 (quat. Ar), 133.8 (CH, Ar), 138.4 (quat. Ar), 138.7 (CH, Ar), 138.9, 153.9, 
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156.7, 166.5 (quat.Ar) and 189.7 (C=O); HRMS: m/z 366.12493 (M+, 50%), 342.16566 (100, 
C24H22O2), 295.11987 (48, C23H19), 264.99379 (31, C21H13), 204.0971 (76, C12H12O3), 
178.07191 (30, C11H14O2), 149.02669 (29, C10H13O), 129.09092 (20, C9H5O), 69.07056 (51, 
C4H5O), 41.03076 (58, C3H5); C25H18O3 requires M+ 366.12559. 
 
3-Methoxy-11-phenyl-6,11-dihydrodibenzo[b,e]oxepin-11-ol (2.47) (1.0 g, 3.14 
mmol) afforded 11-phenyl-6H-dibenzo[b,e]oxepin-3-one (2.58), (0.72 g, 
80%), m.p. 68.3-70.3°C; λmax (CH2Cl2) 370 nm (log ε 4.37); νmax(CHCl3)/cm-1 
3407.9, 2875.5 (CH),1626.8 (C=O), 1599.2, 1557.0, 1503.6, 1484.9, 1455.8, 
1412.7, 1383.2, 1350.7, 1320.2, 1184.8, 1103.2 and 1010.4; δH(CDCl3) 5.14 (2H, s, OCH2), 
6.03 (1H, d, J = 1.9Hz, C=C-H), 6.25 (1H, d, J = 10.1Hz, Ar-H), 6.90 (1H, d, J = 8.0Hz, Ar-H), 
6.99 (1H, d, J = 10.1Hz, C=C-H), and 7.1-7.6 (8H, m, Ar-H); δC(CDCl3) 72.6 (OCH2), 109.4, 
126.9, 128.1 (CH, Ar), 128.4 (quat. Ar), 128.7, 129.2, 129.3, 130.9, 131.5, 134.4, 138.2 (CH, 
Ar), 138.7, 138.9, 141.0, 154.5, 166.7 (quat. Ar) and 189.6 (C=O); HRMS: m/z 286.09916 (M+, 
100%), 258.10418 (24.42, C19H14O), 229.10093 (28.41, C18H13), 215.08498 (29.55, C17H11), 
202.07713 (19.44, C16H10), 165.06959 (4.37, C13H9) and 101.03897 (9.37, C8H5); C20H14O2 
requires M+, 286.09938. 
 
3-Methoxy-11-(2,4,6-trimethyl-phenyl)-6,11-dihydro-dibenzo[b,e]oxepin-11-ol (2.50), (1.0 g, 
2.77 mmol) afforded 11-(2,4,6-trimethyl-phenyl)-6H-dibenzo[b,e]oxepin-3-
one (2.59), (0.45 g, 50%), m.p. 201.9-203.0°C; νmax(CHCl3)/cm-1 3396.3 (CH), 
1627.1 (C=O), 1601.1, 1557.1, 1501.0, 1410.0, 1350.0, 1220.7, 1179.9, 
1101.3, 1012.1 and 906.7; δH(CDCl3) 1.94 (6H, s, CH3), 2.38 (3H, s, CH3), 5.13 
(2H, s, OCH2), 6.0 (1H, d, J = 2.0Hz, C=C-H), 6.20 (1H, dd, J1 = 2.0 and J2 = 10.1Hz, C=C-H), 
6.83 (1H, d, J = 10.1Hz, C=C-H), 6.93-7.02 (3H, m, Ar-H), 7.31 (1H, d of t, J1 = 2.5 and J2 = 
7.9Hz, Ar-H), 7.46 (2H, m, Ar-H); δC(CDCl3) 20.1 (CH3), 21.5 (CH3), 72.6 (OCH2), 109.4, 127.7, 
128.3 (2 signals overlapping) (CH, Ar), 128.8 (quat. Ar), 129.1, 129.8, 131.6, 132.1 (CH, Ar), 
135.9, 137.0, 137.1 (quat. Ar), 137.3 (CH, Ar), 138.7, 154.3, 166.3 (quat.Ar), 189.5 (C=O); 
HRMS: m/z 328.14745 (M+, 100%), 300.15028 (14.76, C22H20O), 285.12773 (10.84, C21H17O), 
257.13389 (14.48, C20H17), 242.10902 (10.44, C19H14), 229.10050 (11.38, C18H13) and 
120.04657 (5.15); C23H20O2 requires M+, 328.14633. 
 
3-Methoxy-11-(4-trifluoromethylphenyl)-6,11-dihydro-dibenzo[b,e]oxepin-11-ol (2.51), (1.0 g, 
2.59 mmol) afforded 11-(4-trifluoromethylphenyl)-6H-dibenzo[b,e]oxepin-3-
one (2.60), (0.36 g, 40%) as a yellow gum; νmax(CHCl3)/cm-1 3010.0 (CH), 
1629.2 (C=O), 1600.1 and 1559.2 (aromatic), 1324.4, 1172.9, 1135.0, 1066.7, 
1020.0; δH(CDCl3) 5.15 (2H, s, OCH2), 6.0 (1H, d, J = 2.0Hz, Ar-H), 6.23 (1H, 
dd, J1 = 2.0 and J2 = 10.1Hz, Ar-H), 6.85 (2H, d, J = 10.1Hz, Ar-H), 7.30-7.40 (3H, m, Ar-H), 
O
O
O
O
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O
O
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7.42-7.53 (2H, m, Ar-H), 7.81 (2H, d, J = 8.2Hz, Ar-H); δC(CDCl3) 72.6 (OCH2), 109.8, 125.9, 
127.6, 128.3 (CH, Ar), 125.8 (CF3), 128.9 (quat. Ar), 129.4 (CH, Ar), 131.2 (quat. Ar), 131.7, 
133.9, 133.9, 137.4 (CH, Ar), 138.0, 139.0, 139.1, 151.9, 166.3 (quat. Ar), 189.2 (C=O); 
HRMS: m/z 354.08850 (M+, 100%), 325.9839 (39.05, C20H12F3O), 283.12776 (15.00, 
C20H11O2), 229.05731 (20.47), 181.06565 (15.16, C13H9O), 152.06122 (6.31, C12H8); 
C21H13F3O2 requires M+, 354.08676. 
 
3-Methoxy-11-(2,4,6-trimethyl-phenyl)-6,11-dihydro-dibenzo[b,e]thiepin-11-ol (2.52), (1.0 g, 
2.66 mmol)  afforded 11-(2,4,6-trimethylphenyl)-6H-dibenzo[b,e]thiepin-3-
one (2.61), (0.64 g, 70%), m.p. 208.0-210.5°C; λmax (CH2Cl2) 386 nm (log ε 
4.17); νmax(CHCl3)/cm-1 3007.6, 2923.9 (CH), 1624.1 (C=O), 1596.9, 1519.6, 
1491.5, 1443.3, 1406.0, 1340.4, 1241.5, 1020.5, 896.9, 883.9, 855.3; 
δH(CDCl3; -30°C) 1.81 (3H, s, C H3), 2.07 (3H, s, CH3), 2.36 (3H, s, CH3), 3.85 (1H, d, J = 
14.2Hz, SCH2), 4.21 (1H, d, J = 14.2Hz, SCH2), 6.29 (1H, dd, J1 = 2.1 and J2 = 10.2Hz, Ar-H), 
6.56 (1H, d, J = 2.1Hz, Ar-H), 6.89 (1H, s, Ar-H), 6.90 (1H, dd, J1 = 0.8 and J2 = 7.0Hz, Ar-H), 
7.02 (1H, s, Ar-H), 7.07 (1H, d, J = 10.2Hz, Ar-H), 7.15 (1H, t, J = 7.5Hz, Ar-H), 7.26 (1H, d, J 
= 7.0Hz, Ar-H), 7.38 (1H, d of t, J1 = 1.0 and J2 = 7.5Hz, Ar-H); δC(CDCl3; -30°C) 20.2, 20.5 
and 21.6 (CH3), 35.4 (SCH2), 35.4 (OCH3), 123.0, 126.6, 127.6, 128.1, 128.8, 129.5, 131.7 
(CH, Ar), 131.7 (quat. Ar), 133.7 (CH, Ar), 134.6, 136.0, 136.7, 138.9, 139.8, 141.7 (quat. Ar), 
142.6 (CH, Ar), 151.9, 157.1 (quat. Ar), 185.5 (C=O); HRMS: m/z 344.121422 (M+, 100%), 
316.1049 (22.62, C22H20S), 301.0801 (34.83, C21H17S), 283.1186 (24.56, C22H19), 268.1026 
(22.62, C17H16OS), 267.0964 (24.45, C17H15OS), 253.0830 (21.84, C16H13OS), 239.0673 
(10.19, C15H11OS), 165.0566 (5.37, C13H9); C23H20OS requires M+ 344.123487. 
 
3-Methoxy-11-phenyl-6,11-dihydrodibenzo[b,e]thiepin-11-ol (2.53), (1.0 g, 3.0 mmol)  afforded 
11-phenyl-6H-dibenzo[b,e]thiepin-3-one (2.62) (0.22 g, 25%)and 3-hydroxy-11-phenyl-
6,11-dihydro-dibenzo[b,e]thiepin-11-ol (2.63), (0.24 g, 25%), 
m.p. 136.0-140.0°C; νmax(CHCl3)/cm-1 3598.2 (OH, free), 3064.0, 
3009.5 (CH), 1619.0 (C=O), 1598.3 (Ar), 1517.9, 1483.5, 
1449.4, 1218.0, 1017.1; δH(CDCl3) 2.40 (1H, s, OH 2.63), 3.17 
(1H, d, J = 13.7Hz, SCH2, 2.62), 3.68 (1H, d, J = 13.7Hz, SCH2, 2.62), 3.82 (1H, d, J = 14.2Hz, 
SCH2, 2.63), 4.24 (1H, d, J = 14.2Hz, SCH2, 2.63), 6.10 (1H, s (broad), phenolic OH 2.63), 
6.40 (1H, dd, J1 = 2.1 and J2 = 10.2Hz, H2, Ar-H, 2.62), 6.55 (1H, d, J = 2.1Hz, H4, Ar-H, 2.62), 
6.66 (2H, m, Ar-H), 6.80 (1H, d, J1 = 1.0 and J2 = 8.1Hz, Ar-H), 7.10-7.50 (16H, m, Ar-H), 7.90 
(1H, d, J = 9.4Hz, Ar) and 8.08 (1H, dd, J1 = 1.4 and J2 = 7.8Hz, Ar-H); δC(CDCl3) 34.4 and 
35.4 (SCH2), 77.0 (C-OH), 79.1 (Ph-C=), 112.6, 115.4, 123.0, 125.4, 126.2, 126.7, 127.2, 
127.5, 128.2, 128.5, 128.7, 128.7, 129.3, 129.4, 129.8 (CH, Ar), 131.2 (quat. Ar), 131.7 (CH, 
Ar), 132.3 (quat. Ar), 135.9, 142.8 (CH, Ar), 146.3, 152.5, 155.7 (quat. Ar), 185.8 (C=O); 
S
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HRMS: m/z 320.08850 (M+(44), 56.65%), 302.07667 (M+(43), 100%), 274.0825 (27.22, C19H14S), 
241.08981 (32.64, C19H13), 218.98562 (51.54, C15H7S), 165.06935 (12.17, C13H9), 105.03562 
(15.14, C7H5O), 68.99521 (33.96, C5H9); C20H14OS 2.62 requires M+ 302.07654 and C20H16O2S 
2.63 requires M+, 320.08710. 
 
3-Methoxy-11-(4-N,N-dimethyl-phenyl)-6,11-dihydro-dibenzo[b,e]thiepin-11-ol (2.54), (1.0g, 
2.65 mmol)  afforded 4-(3-methoxy-6H-dibenzo[b,e]thiepin-11-ylidene)cyclohexa-2,5-
dienone (2.64), (0.74 g, 85%), m.p. 231.8-232.6°C; νmax(CHCl3)/ cm-1 
3056.0, 3009.5, 2940.5 (CH), 2839.8 (OCH3), 1631.5 (C=O), 1594.3 (Ar), 
1550.8, 1521.8, 1481.0, 1464.0, 1382.6, 1292.5, 1230.2, 1178.8, 1181.7, 
1037.9, 866.5; δH(CDCl3) 3.30 (1H, d, J = 14.1Hz, SCH2), 3.79 (3H, s, 
OCH3), 4.67 (1H, d, J = 14.1Hz, SCH2), 6.36 (1H, dd, J1 = 2.1 and J2 = 10.1Hz, C=C-H), 6.50 
(1H, dd, J1 = 2.1 and J2 = 10.1Hz, C=C-H), 6.70 (1H, s, H4, Ar-H), 6.71 (1H, dd, J1 = 2.5 and J2 
= 10.3, H1 and H2, Ar-H), 7.10 (1H, d, J = 8.7Hz, Ar-H), 7.14 (1H, d, J = 7.2Hz, Ar-H), 7.23 (1H, 
dd, J1 = 2.7 and J2 = 10.1Hz, C=C-H), 7.34-7.43 (3H, m, Ar-H), 7.60 (1H, dd, J = 10.1Hz, C=C-
H); δC(CDCl3) 33.5 (SCH2), 55.8 (OCH3), 111.6, 112.8 (CH, Ar), 125.7 (quat. Ar),  127.3, 127.5, 
127.9, 129.1, 129.7, 129.9 (CH, Ar), 130.4 (quat. Ar), 134.8 (CH, Ar), 134.9 (quat. Ar), 137.6, 
138.3 (CH, Ar), 138.4, 139.1, 158.7, 160.8 (quat. Ar), 187.5 (C=O); HRMS: m/z 332.087723 
(M+, 69.16%), 303.125259 (24, C20H15OS), 283.265358 (41, C20H11O2), 245.034138 (27, 
C14H13O2S), 220.039036 (25), 195.150997 (17, C14H11O), 165.091080 (14, C13H9), 77.046068 
(41, C6H5); C21H16O2S requires M+, 332.087102. 
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Chapter 3: Reactions of the 4-(dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5-
dienone system with nucleophiles 
 
 
3.1 Introduction 
 
The increased steric congestion at the benzylic methide carbon associated with the central 
seven-membered ring structure clearly influences the reactivity of this series of quinone 
methides when compared to that of the fluorenyl series. The fluorenyl dienones undergo 
reaction with aryl nucleophiles at the methide carbon giving 9,9-diarylfluorenes. However, this 
could be problematic for the seven-membered central ring analogues since steric interactions 
between the peri-hydrogens of the tricyclic nucleus and the pendant aryl rings are likely to 
result in high strain energy. We therefore reacted a series of quinone methides from this series 
with various nucleophiles to determine whether 1,2-,1,4- or 1,6-addition would result. 
 
Fuchsones (eqn 3.1) and their fluorenyl analogues (eqn 3.2) undergo 1,6-addition of 
nucleophiles leading to aromatisation of the quinone ring (Fig. 3.1).1 
 
O
But But But But
OR
OH
i, ii
O
But But
RO
OH
But
But
i, ii
Eqn 3.1 Eqn 3.2
 
Reagents and conditions: i) KOR or NaOR, DMSO; ii) H2O 
Fig. 3.1: Reaction of fuchsones and fluorenyl dienone with nucleophiles1 
 
Several physico-chemical studies on the reactions of quinone methides with nucleophiles at 
the terminal methide carbon have been performed. Lucius and Mayr noted that quinone 
methides represent an uncharged analogue of the diphenylmethyl cation and that the rate of 
their reaction with nucleophiles is dependent on the nature of the substituent (X), which 
influences the electrophilicity at the reactive methide carbon (Fig. 3.2).2 
 
                                                 
1
 H. Becker and K. Gustafsson, J. Org. Chem., 1976, 41(2), 214. 
2
 R. Lucius and H. Mayr, Angew. Chem. Int. Ed., 2000, 39 (11), 1995. 
  
78 
X
H
O
But
But
X
CHR1R2
O
But
But
X
CR1R2
OH
But
But
X
CHR1R2
OH
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R1 = R2 = CO2Et
R1 = CN; R2 = CO2Et
R1 = NO2; R2 = CH3
R1 = R2 = CN
R1 = COCH3; R2 = CO2Et
H
 
Fig. 3.2: Nucleophilic addition to conjugated quinone methides2 
 
The influence of aromatisation on the thermodynamic driving force for the 1,6-addition of 
nucleophiles to the simple quinone methide 3.1 in Fig. 3.3 has also been investigated and it 
was found that 1,6-addition of water to a p-quinone methide is, according to Marcus theory, 
intrinsically 2000 times slower than 1,2-addition to a carbonyl group. 3 
 
O CH2 + HNu HO
Nu
1,6-addition
3.1
 
Fig. 3.3: Addition of nucleophiles to the simple quinone methide 3.13 
 
A quinone methide formed from N1-C4 cleavage of a β-lactam has been found to undergo 
conjugate Michael-type 1,6-addition with nucleophiles (Fig. 3.4).4 
 
OH
NO CO2Me
O
O
H
N CO2Me
HO
O
H
N CO2Me
OMe
i i
 
Reagents and conditions: NaOMe, MeOH 
Fig. 3.4: Ring-opening of lactams via a quinone methide intermediate4 
 
 
 
 
 
                                                 
3
 M.M. Toteva, M. Moran, T.L. Amyes, J.P. Richard, J. Am. Chem. Soc., 2003, 125, 8814. 
4
 L.A. Cabell, L.W. Hedrich and J.S. McMurray, Tetrahedron Lett., 2001, 42, 8409. 
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3.2. Results and discussion 
 
3.2.1 Reactions with general nucleophiles 
 
A range of nucleophiles were reacted with dienone 2.24 by refluxing in anhydrous DMF, giving 
the products shown in Fig. 3.5 and the yields recorded in Table 3.1. The dienones were found 
to undergo reduction leading to aromatisation of the quinone nucleus, but nucleophilic addition 
at the six-position was not observed even with relatively unhindered nucleophiles such as 
methoxide. This suggests that reduction of the dienone occurs faster than nucleophilic 
addition. 
 
O
2.24
H
OH
H
OH
3.2
+
3.3
O
+
3.4
 
Reagents and conditions: NaOCH3, DMF, rt, 24h 
Fig. 3.5: Products resulting from reaction of dienone 2.24 with NaOMe. 
 
Care was taken during workup to adjust the pH of the aqueous solution to neutral so as to 
ensure that all phenolic products were extracted. Polymerisation of the dienone in basic 
medium is suspected to occur, since yields were low and significant quantities of base-line 
material were obtained during PLC. Hard nucleophiles such as CN- and OH- were completely 
unreactive towards the dienone moiety (even with the addition of phase transfer catalysts such 
as benzyltriethylammonium chloride or 18-crown-6). Dienone 2.24 did not react readily with the 
softer nucleophiles N3- or dimethylsulfonium methylide; only the phenolic derivative 3.2, 
unreacted starting material and dibenzosuberone 3.4 were isolated from the reaction mixture. 
The dienone also failed to react with diethyl malonate under basic conditions. 
 
The dehydrogenated phenolic product 3.2 is proposed to result from base-catalyzed 
deprotonation from C10 in the ethyl tether linking the two aromatic rings (Fig. 3.7). 
Deprotonation at C11 with concomitant protonation at C5 leads to rearomatisation of the 
resulting intermediate, creating a double bond between C10 and C11. The phenol 3.3 is formed 
without elimination occuring, so the mechanism could involve simple 1,6-addition of hydride to 
the methide carbon. Alternatively, a one-electron transfer process could be involved as 
illustrated in Fig. 3.7. The influence of the steric bulk of the seven-membered nucleus on 
reactions at the methide carbon of the dienone is discussed in greater detail in Chapter 4. 
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Treatment of p-quinone methides 2.24 and 2.21 with lithium phenylacetylide resulted in 1,2-
addition products without rearrangement of the quinone methide (Fig. 3.6).  
 
O
O
O
HO
i
3.6
(30%)
O
HO
i
(60%)
3.52.24 2.21
 
Reagents and conditions: i) LiNH2, phenylacetylene, THF, reflux, 17h then NH4Cl 
Fig. 3.6: Reaction of p-quinone methides 2.24 and 2.21 with lithium phenylacetylene 
 
Table 3.1: Reactions of nucleophiles with p-quinone methide 2.24 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reagent Products / % 
KtOBu 3.2 (55) 
NaOCH3, reflux 3.2 (36)  3.3 (12)  
NaOCH3, rt 2.24 (20) 3.2 (16) 3.4 (30) 
NaH 3.2 (38) 
p-Resorcinol, NaH 3.2  (16) 3.4 (28) 
 
p-Methyl-thiophenol, NaH No reaction 
NaN3 No reaction 
KCN No reaction 
NaOH No reaction 
Diethyl malonate No reaction 
NaH, DMSO, 
trimethylsulfonium iodide 
No reaction 
Phenylacetylene, NaH 3.2 (50) 
Phenylacetylene, LiNH2 3.5 (60) 
Phenylacetylene, LiNH2* 3.6 (30)  
*p-quinone methide 2.21 used as substrate 
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Fig. 3.7: Mechanism for base-catalyzed rearrangement of dienone 2.24 
 
A transannular 1,5-sigmatropic hydride shift could also account for the dehydrogenation of the 
alkane tether in the formation of phenol 3.2. Such a process would be symmetry allowed and 
would be facilitated by the aromatic stabilization that results in the phenol ring. Intramolecular 
migrations between the alkane bridge and the benzylic carbon in seven-membered systems 
have been known to occur in dibenzoheptatriene systems.5 Thermal migration of chlorine 
atoms from the benzylic carbon to the alkene bridge has been proposed to occur via a 1,5-
sigmatropic chlorine migration, followed by a reverse 1,5-hydrogen shift (Fig. 3.8).  
 
 
                                                 
5
 J.J. Looker, J. Org. Chem., 1972, 37(7), 1059. 
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Cl
ClH
H
Cl
∆
 
Fig. 3.8: Proposed mechanism for chlorine migration in tricyclic analogues5 
 
Transannular hydride transfer has also been observed by Hellwinkel and Becker during the 
course of spirocyclisation reactions of seven-membered ring systems. They proposed that a 
concerted, solvent-assisted reaction took place in the presence of weak acids such as phenol, 
nitromethane, acetic acid and acetic acid anhydride (Fig. 3.9).6 
 
HO H
SH
i
ii
HO
H
H
H
H
 
Reagents and conditions: i) HCO2H, TFA; ii) AcOH, Ac2O 
Fig. 3.9: Concerted transannular hydride transfer 6 
 
The formation of dibenzosuberone 3.4 in fair yield (Table 3.1) in some of the reactions is 
proposed to result from photochemical addition of singlet oxygen to the exocyclic double bond 
of the dienone. An unstable dioxetane intermediate is likely to form, followed by decomposition 
to the more stable ketone.  
 
O
O2'
O
O
O
O
O
+
O
3.4
2.24
 
Fig. 3.10: Proposed mechanism for formation of dibenzosuberone 3.4 
 
This mechanism is supported by our observation that UV irradiation of dienone 2.30 in the 
presence of dioxygen led to decomposition of 2.30 to the corresponding ketone 3.7 and 
unreacted starting material (Fig. 3.11). This mechanism is supported by the reported 
photochemical decomposition of doxepin to its parent ketone.7 
                                                 
6
 D. Hellwinkel and T. Becker, Chem. Ber., 1989, 122, 1595. 
7
 S. Tammilehto and M. Lehtonen, Acta. Pharm. Suec., 1982, 19, 297.                     
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O
O
i
2.30
O
CH3
O
3.7
+ 2.30 + polymer
(11%)
(52%)
CH3
 
Reagents and conditions: Benzene, O2, 250 W, 3 days 
Fig. 3.11: Dioxygen addition to p-quinone methide 2.30 
 
The reaction of dienone 2.24 with NaOCH3 was repeated, this time excluding oxygen from the 
reaction mixture by using dry deaerated DMF under an argon atmosphere and exposed to 
ambient light. Only the phenol 3.2 was obtained and no dibenzosuberone 3.4 could be 
isolated. The yield of the phenol 3.2 was 50% higher than in the previous experiment. When 
the reaction was repeated in the dark (using NaOCH3 in deaerated DMF at room temperature 
and excluding light) phenol 3.2 was isolated as the only product in 75% yield. 
 
Table 3.2: Reaction of dienone 2.24 with nucleophiles in dry, deaerated DMF 
Reagent Product / % 
KOtBu 3.2 (73) 
NaOCH3; reflux 3.2 (67) 
NaH 3.2 (57) 
 
The presence of the bridging ethane unit in the seven-membered ring with its labile benzylic 
hydrogens seems to influence the manner in which dienone 2.24 reacts. By contrast, the 
fluorenyl analogue [2,6-di-tert-butyl-4-(9-fluorenylidene)-1,4-benzoquinone] has been reported 
to undergo 1,6-nucleophilic addition with nucleophiles such as cyanide, methoxide and methyl 
sulfinyl ions.1 Fluorenyl dienones react with primary and secondary amines, forming 1,6-
adducts, while the seven-membered dienone analogue 2.24 is completely unreactive towards 
amines;  the only other product besides starting material isolated after refluxing with 
morpholine, was the photo-degradation product, dibenzosuberone. 
 
The reactions of the dienone 2.24 with a range of nucleophiles may be summarized as follows: 
(i) No nucleophilic addition of soft nucleophiles at the six-position is observed, except for 
the addition of hydride. This is the case even with sterically unhindered nucleophiles.  
(ii) There is no reaction with a hard nucleophile such as hydroxide. 
(iii) Dienone 2.24 does not participate in base-catalyzed condensation with nucleophiles 
such as diethyl malonate or phenylacetylene. 
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(iv) A base-catalyzed dehydrogenative rearrangement is proposed to account for 
formation of the phenol 3.2.        
 
3.2.2 Reactions with Grignard reagents 
 
The Grignard reaction with carbonyls to form alcohols has been reviewed extensively.8,9 
Although the reaction has a wide range of synthetic applications, side-reactions such as 
enolization, reduction, condensation, conjugate addition and pinacol coupling are often 
observed, decreasing the yield of the required product. Additives like CeCl3 that are capable of 
activating the carbonyl group by coordination, are used to suppress side reactions like 1,4-
addition in favour of 1,2-addition.10  
 
Unannulated quinone methides (of which benzoquinone methide is an example) react with 
organocadmium reagents with greater chemo- and regioselectivity than with alkyllithiums or 
Grignard reagents. The latter reactions often suffer from lower yields due to electron-transfer 
processes that lead to the formation of hydroquinones, but this can be avoided by employing 
organocadmium reagents (Fig. 3.12).11 Baeyer and Villiger first reported the 1,6–addition of 
Grignard reagents to fuchsones.12 This was confirmed by Julian et al who extended the study 
to include naphthafuchsones as well as anthrafuchsones.13 The former undergo 1,6-addition, 
while the anthrafuchsones undergo predominantly 1,2-addition (Fig. 3.13).  
 
O
O
O
O
O O
HO RHO R
Eqn. 3.3 Eqn 3.4
 
Reagents and conditions: i) R2Cd THF then H2O; R = methyl / ethyl / butyl 
Fig. 3.12: Reaction of quinones with organocadmium reagents11 
 
C
O
C
O
C
CH3
OH
C
HO CH3
Eqn 3.6Eqn 3.5
 
Reagents and conditions: CH3MgI, ether, reflux 
Fig. 3.13: Reactivity of fuchsones with Grignard reagents12,13 
                                                 
8
 E. Ashby, Q. Rev. Chem. Soc., 1967, 21, 259. 
9
 Y.-H. Lai, Synthesis, 1981, 585. 
10
 T. Imamoto, N. Takiyama, K. Nakamura, T. Hatajima and Y. Kamiya, J. Am. Chem. Soc., 1989, 111, 4392. 
11
 A. Aponick, J.D. McKinley, J.C. Raber and C.T. Wigal, J. Org. Chem., 1998, 63, 2676. 
12
 Baeyer and Villiger, Chem. Ber., 1903, 36, 2793. 
13
 P.L. Julian and W.J. Gist, J. Chem. Soc., 1935, 57, 2030. 
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Becker and Gustafsson found that 2,6-di-tert-butyl-4-(fluorenylidene)-1,4-benzoquinone, 
undergoes 1,2-addition with phenyllithium (Fig. 3.13).1 
 
O
But But
But But
HO
i
(69%)
 
Reagents and conditions: i) PhLi, ether, RT, 1h, then MeOH 
Fig. 3.14: Reaction of phenyllithium with 2,6-di-tert-butyl-4-(fluorenylidene)-1,4-benzoquinone1 
 
Becker and Gustafsson1 also isolated a reductive dimerisation product from the reaction of the 
fluorenyl fuchsone with phenylmagnesium bromide which indicates that the fuchsone oxidises 
the Grignard reagent by one-electron transfer rather than undergoing nucleophilic addition 
(Fig. 3.15). Ashby et al obtained similar pinacol-type dimers from the reaction of 
methylmagnesium bromide with benzophenone that have been shown to result from a SET-
mechanism.14 Evidence for SET-processes has also been found for the reaction of alkyl 
Grignard reagents with benzoquinones.15 
 
O
ArAr Ar = OH
But
But
But But
H
But
But
OH
 
Reagents and conditions: Phenylmagnesium bromide, ether, 20 min then NH4Cl 
Fig. 3.15: Reductive dimerisation of fluorenyl dienones upon treatment with phenylmagnesium  
bromide1 
 
In our study, the reaction of p-quinone methide 2.24 with Grignard reagents met with mixed 
success. Initial experiments failed to produce the alcohol expected from 1,2-addition. The only 
products that were isolated along with unreacted starting material were the phenols 3.2 and 
3.3 in a 1:1 ratio (Table 3.3).  
 
 
 
 
 
                                                 
14
 E.C. Ashby, I.G. Lopp and J.D. Buhler, J. Am. Chem. Soc., 1975, 97(7), 1964. 
15
 J. McKinley, A. Aponick, J.C. Raber, C. Fritz, D. Montgomery and C.T. Wigal, J. Org. Chem., 1997, 62, 4874. 
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Table 3.3: Yields of phenolic products from Grignard reactions with dienone 2.24 
 
 
 
 
 
Careful examination of the reaction mixture and all the products obtained, revealed that during 
formation of the Grignard reagent, coupling of the reagent occurred thereby lowering the 
concentration of the reactive species in solution. For example, the Grignard reaction between 
dibenzosuberone and 4-bromo-4’-methoxybiphenyl was unsuccessful, mainly because of the 
formation of insoluble 4,4’-dimethoxyquarterphenyl. Hart et al have reported using aryl 
coupling reactions under Grignard conditions for the synthesis of terphenyls.16  
 
In their work on the conjugate addition of Grignard reagents to enone and dienone systems, 
Solo and coworkers found that even trace amounts of oxygen in the reaction mixture can 
seriously affect yields and lead to the formation of hydroperoxide by-products.17 The 
intermediate enolate reacts faster with oxygen than with water during work-up and the 
resultant hydroperoxide products are difficult to isolate, because of their interaction with silica 
gel. By rigorously excluding oxygen, the reaction yields increased and no undesired by-
products were formed. 
 
The formation of reductive products such as 3.9 (Table 3.4) as well as the coupled product 
4,4’-dimethoxyquarterphenyl, suggests that the dienone might react with the Grignard reagent 
via a single electron transfer process rather than the expected polar 1,2-nucleophilic addition. 
Quinone methides are known to form relatively stable radical-anions.18 The radical-anion 
mechanism is depicted in Fig. 3.16.19 
 
OH
R R
Ph Ph
OH
R R
Ph Ph
OH
R R
Ph
O
R R
Ph Ph
R R
Ph Ph
HB
H
Ph
+e-
O
HB +e-
R = Me or But
 
Fig. 3.16: SET-mechanism for the reduction of quinone methides19 
                                                 
16
 H. Hart, K. Harada and C.F. Du, J. Org. Chem. 1985, 50, 3104. 
17
 S.P. Modi, J.O. Gardner, A. Milowsky, M. Wierzba, L. Forgione, P. Mazur and A.J. Solo, J. Org. Chem., 1989, 54, 2317. 
18
 M.F. Nielsen, S. Spriggs, J.H.P. Utley and Y. Gao, J. Chem. Soc. Chem. Commun. 1994, 1395. 
19
 M.O.F. Goulart, S.K. Ling-Chung and J.H.P. Utley, Tetrahedron Lett., 1987, 28(48), 6081. 
Grignard reagent Product / % 
MeMgBr 3.2 (24)  3.3 (24)  
PhMgBr 3.2 (20) 3.3 (20) 
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The involvement of radical-anion intermediates has been observed in the reaction of 7,9-
dimethyl-1-oxaspiro[4.5]deca-6,9-dien-8-one with MeLi where ring opening of the 
ethylenedioxy ring was observed (Fig. 3.17).20  
 
O
k1
k
-1
k2
k
-2
O OH
O O
O HO
HO CH3
O
O O
O
O O
O O
O CH3
O O
HO CH3
 
Reagents and conditions: CH3Li, THF or ether, -78° - 25°C 
Fig. 3.17: SET-processes in the addition of carbanions to dienones20 
 
The Grignard reaction of dienone 2.24 with bromobenzene was repeated under a nitrogen 
atmosphere using magnesium turnings that had been heated for 24 hours at 75°C. The 
reaction time between the magnesium and the aryl halide was also extended to ensure 
complete formation of the Grignard reagent before the dienone was added to the reaction 
mixture. This procedure resulted in increased yields of the 1,2-addition product 3.8 (Table 3.4). 
A range of aryl Grignard reagents reacted with dienone 2.24; the 1,2-addition product was the 
main product isolated in almost all cases. 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
20
 D. Liotta, M. Saindane and L. Waykole, J. Am. Chem., Soc., 1983, 105, 2922. 
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Table 3.4: Grignard reaction of aryl bromides with 2.24 
 
Ar-Br
Mg, I2, THF
2.24, 17h
OH
Ar
H
Ar
H
Ar
H
OH
H
HO
3.2 3.3a b c
 
 
It is possible to draw certain conclusions about the mechanism of the reaction of dienone 2.24 
with Grignard reagents from the products given in Table 3.4. 
 
(i) Reaction of 2.24 with phenylmagnesium bromide 
 
• From the results of the reactions of dienone 2.24 with phenylmagnesium bromide, it 
can be seen that the yield of the dehydrogenated product 3.9 increases at the expense 
of the the alcohol 3.8 in the presence of CeCl3.  
• CeCl3 is oxophilic and activates carbonyls by complexation, thereby probably assisting 
in the formation of reduced products (as shown before in the trityl systems) by 
promoting the formation of cationic intermediates.  
 
Ar Products / % 
 
a b c 3.2 3.3 Other 
phenyl 3.8 (76) - - - - - 
phenyl (1.5 equiv. 
CeCl3) 
3.8 (33) - 3.9 (33) - - - 
p-methoxyphenyl 3.10 (50) 3.11 (12) - - - - 
mesityl 3.12 (55) - - 8 4 2.24 (30) 
p-chlorophenyl 3.13 (56) - - 21 - 2.24 (10) 
p-(trifluoromethyl)- 
phenyl 
3.14 (50) - - 20 - 2.24 (5) 
1-naphthyl 3.15 (73) - 3.16 (16) - - - 
4-methoxy-1-
naphthyl 
3.17 (74) - - - - - 
2-thiophen-1-yl 3.18 (30) - - 5 5 
S S (20) 
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(ii) Sterically bulky or deactivating Grignard reagents 
 
• The use of sterically crowded Grignard reagents such as mesitylmagnesium bromide 
clearly inhibits the reaction with dienone 2.24. The incorporation of the electron-
withdrawing group CF3, which would be expected to reduce the nucleophilic character 
of the Grignard reagent, does not appear to significantly retard the nucleophilic addition 
reaction. 
 
 (iii) The reaction mechanism 
 
• In order to account for all the products formed, we propose that both polar and SET 
mechanisms are involved in the reaction of dienone 2.24 with Grignard reagents. 
• The formation of dimeric compounds such as biphenyl or quaterphenyls from coupling 
of the Grignard reagents supports the involvement of a SET-mechanism. Figs. 3.18 
and 3.19 illustrate the two possible mechanistic pathways.  
 
O MgBr BrMgO Ar Ar
Ar
HH
Ar
H H
O
O
HO
Ar
H
Ar
Ar
H
H
Ar
+H2O
-H
-H
H
transfer
(a)
(b)
Ar
H
H
H Ar
 
Fig. 3.18: Polar mechanism for the reaction of Grignard reagents with dienone 2.24 
 
It is possible that the bridge dehydrogenation reaction involves a stepwise or concerted base-
catalyzed deprotonation and vicinal hydride transfer to the electron-deficient carbon. The 
involvement of phenolic products can be rationalized in terms of the formation of an SET 
process (Fig. 3.19). 
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O
SET
ArMgBr
OMgBr
+ Ar
OMgBr
H
OH
H
OMgBr
SET
ArMgBr
Ar-Ar
+ Ar
aqueous
workup
O
Hydride atom
transfer aqueous
workup
 
Fig. 3.19: Possible mechanisms for the formation of phenols in the Grignard reactions of 2.24 
 
The dienone 2.26 was found to react similarly to 2.24 with anisyl magnesium bromide giving 
the alcohol 3.19 (Fig. 3.20). 
 
O
ii
HO
OCH3
3.19
(60%)2.26
 
Reagents and conditions: 1-Bromo-4-methoxybenzene, Mg, I2, THF, reflux 17h then NH4Cl 
Fig. 3.20:  Reaction of p-quinone methide 2.26 with anisyl magnesium bromide 
 
3.2.3 Attempted ketalization reactions 
 
It seemed interesting to determine the effect of isolating the double bonds of the dienone 
system as reactive centres by removing the influence of the carbonyl group by converting it to 
a ketal. Ketalisation of p-quinone methide 2.24 was attempted in toluene containing an alcohol 
and using p-toluene sulfonic acid as the catalyst, and a Dean-Stark trap to remove water 
expected to form from the reaction. The first reaction was performed in excess methanol, but 
instead of the ketal being formed, the ether product 3.20 was obtained in which 
dehydrogenation of the alkane bridge had also occurred (Table 3.5). All the alcohols listed in 
Table 3.5 reacted similarly except for the phenols (entries 10 to 12) which gave the 
dehydrogenated phenol 3.2. 
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Table 3.5: Attempted ketalization reactions of 2.24 with alcohols 
Entry Alcohol Product / % 
1 Methanol 3.20  R = CH3                          (80) 
H
OR
 
2 Ethanol 3.21  R = CH2CH3           (78) 
3 1-Propanol 3.22  R = CH2CH2CH3    (99) 
4 1-Hexanol 3.23  R = CH2(CH2)4CH3 (65) 
5 1-Nonanol 3.24  R = CH2(CH2)7CH3 (60) 
6 1-Undecanol 3.25  R =CH2(CH2)16CH3 (50) 
7 Cyclohexanol 
3.26  R = H  
                                      (71) 
8 2-Methoxy-ethanol 3.27  R =CH2CH2OCH3  (50) 
9 2-(4-Nitro-phenoxy)-
ethanol 
3.28  R =
O
NO2
O
       (40)                                        
10 p-Methylphenol 3.2    R = H                     (48) 
11 p-Methylthiophenol 3.2    R = H                     (41) 
12 Catechol 3.2    R = H                     (56) 
 
However, when the reaction time of 2.24 with methanol and ethanol was reduced, the major 
products were the diethers 3.29 and 3.30, respectively. The monoethers 3.20 and 3.21 are 
formed with prolonged reflux, indicating that the benzylic alkoxy groups in compounds 3.29 
and 3.30 are labile and rearrange to the more stable dehydrogenated monoethers.  
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3.29 3.20
(30%)(60%)
3.213.30 (25%)(55%)
O
2.24
2.24
MeO
OMe
H
OMe
EtO
OEt
H
OEt
+
+
i
ii
 
Reagents and conditions: i) p-TSA (cat.), MeOH, toluene, reflux 1h; ii) p-TSA (cat.), EtOH, toluene, 
reflux 1h 
Fig. 3.21: Products from the attempted ketalization of 2.24 with MeOH and EtOH 
 
p-Quinone methides 2.22 and 2.32 that contain a heteroatom in the linking chain reacted 
similarly to 2.24 with ethanol also giving diethers as products (Fig. 3.22).  
 
O Cl
O
O
Cl
EtO
OEt
i
(50%)2.32
3.32
S
O
2.22 3.31
(55%)
i
S
EtO
OEt
 
Reagents and conditions: i) Toluene, EtOH, p-TSA, reflux 4h 
Fig. 3.22: Attempted ketalization of dienones 2.22 and 2.32  
 
The attempted ketalization process was explored further using diols and thiols. Products 
analogous to those obtained with the monohydric alcohols resulted, along with a series of bis-
ethers (Fig. 3.23). The products are summarized in Table 3.6 and Fig. 3.24 along with the 
diols/thiols employed. Yields were low due to the need for extensive chromatography in the 
purification process. 
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O
H
O OH
2.24 (55%)
H
O O
H
OH
+
H
3.34
(20%)
3.2
(56%)
i
ii
3.33
 
Reagents and conditions: i) Ethanediol, p-TSA, toluene, reflux, 5h; ii) catechol, p-TSA, reflux, 5h. 
Fig. 3.23: Products from the attempted ketalization of 2.24 with ethanediol and catechol 
 
 
Table 3.6: Attempted ketalization reactions of 2.24 with selected diols and thiols 
H
X X
Hn
H
X YH
nO
2.24
+Diol/ dithiol
cat. p-TSA, toluene
reflux, 17h
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  Products / %  
Diol / dithiol X Y (CH2)n Mono-ether Bis-ether 
1,2-Ethanediol O O n = 0 3.33 (55) 3.34 (20) 
1,3-Propanediol O O n= 1 3.35 (37) 3.36 (10) 
1,4-Butanediol O O n = 2 3.37 (36) 3.38 (15) 
1,6-Hexanediol O O n= 4 3.39 (50) 3.40 (10) 
1,8-Octanediol O O n = 6 3.41 (40) 3.42 (34) 
1,3-Propanedithiol S S n = 1 3.43 (50) - 
Mercaptoethanol O S n = 0 3.44 (51) - 
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H
O O O OH
H
O O O O
H
3.46
H
O
HO
OH
H
O O
H
OH
3.47 3.48
+
3.45
+
(45%) (20%)
(20%)(50%)
O
2.24
i
ii
 
Reagents and conditions: i) Tetraethylene glycol, p-TSA, toluene, reflux 5h; ii) glycerol, p-TSA, 
toluene, reflux, 5h. 
Fig. 3.24: Products from the attempted ketalization of 2.24 with tetraethylene glycol and 
glycerol 
 
Reactions of dienone 2.24 with ethanolamine and ethylenediamine were unsuccessful, 
resulting in labile products which decomposed during chromatography. Where bonding could 
occur via the oxygen or sulphur atom, preference was observed for bonding through the 
oxygen, indicating that a harder nucleophile was preferred to the softer, more polarizable 
sulphur. Phenols and thiophenols reacted with 2.24 to form the dehydrogenated phenolic 
product 3.2; no functionalization of the para-position was observed since phenols and  
thiophenols are weakly nucleophilic.  
 
3.2.3.1 Proposed mechanism 
 
A plausible mechanism for the formation of diether adducts as well as reduction products from 
the reactions of p-quinone methides with alcohols in the presence of acid is outlined in Fig. 
3.25 (a) and (b). 
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96 
(b)
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Fig. 3.25: Proposed mechanism for the acid-catalyzed reactions of quinone methides with 
alcohols 
 
Protonation of the quinone oxygen atom generates a tris-benzylic carbocation intermediate 
(i)/(i)’ which is intercepted by alcohol at either the benzylic or hydroxyl substituted carbons to 
give the isomers (iii) and (iv) respectively. Under the acidic conditions the adducts (iii) and (iv) 
are expected to form reversibly. In the case of (iii), acid-catalyzed loss of water is probable, 
giving the new carbocation intermediate (v)/(vi). Reactions of this carbocation with alcohol 
gives the ketal (vii) and diether (viii). Since all the species shown in Fig. 3.25 (a) are 
connected by a series of dynamic equilibria and since the alcohol ROH is present in excess, 
Le Chatelier’s principle dictates that the hydroxy groups present in the intermediates (i) – (iv) 
will eventually be replaced by alkoxy groups. The ketal (vii) is not isolated since it is expected 
to be thermodynamically less stable than the isomeric diether (viii), owing to aromatic 
stabilization gained in the latter compound. 
There is a slower process competing with the formation of the diether (viii), i.e. a reductive 
dehydrogenation giving (xii). The mechanism might involve deprotonation from the ethane 
bridge in (vi) to give (xi) which would be expected to rearomatise via a 1,5-sigmatropic 
migration of hydrogen to (xii) as shown in Fig. 3.25 (b). Alternatively, a transannular hydride 
transfer from the ethane bridge to the benzylic carbon could occur in (vi) either via the 
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carbocation (x) or with concerted deprotonation from the vicinal ethane carbon, either directly 
in (ix) or in the carbocation (vi). 
 
Reaction of dienone 2.26 with ethanediol under acidic conditions, led to the reduced product 
3.49 (Fig. 3.26). No bis-ether was formed. 
 
 
O
H
O OH
i
2.26 (62%)
3.49
 
Reagents and conditions: i) Ethanediol (excess), toluene, p-TSA (cat.), reflux 4h 
Fig. 3.26: Attempted ketalisation of 2.26 
 
The use of diols gave rise to bis-ethers as a result of nucleophilic attack by the free hydroxyl 
groups of the initial product at another dienone molecule. This mode of reaction was confirmed 
when the mono-ether 3.33 was allowed to react with dienone 2.24 under the usual reaction 
conditions (p-TSA, toluene, reflux) giving bis-ether 3.34 as the major product. 
 
The following conclusions can be drawn about the attempted ketalization reactions: 
(i) Generally, aromatization of the p-quinone methide moiety occurs, with the alcohol 
being incorporated at both the tris-benzylic carbon as well as the para-carbon of the 
pendant aromatic ring. 
(ii) Longer reaction times result in the replacement of the benzylic alkoxy group with 
hydrogen and dehydrogenation of the ethane bridge in dienone 2.24. 
(iii) With diols, a monoether is formed as the major product that can react further with 
excess dienone to give the corresponding diol diether. 
(iv) Where a choice is available, bonding occurs through the harder nucleophile center, e.g. 
O is preferred to S in mercaptoethanol. 
(v) No nucleophilic addition of phenols or thiophenols was observed; reaction with dienone 
2.24 resulted only in reduction, giving a phenol. 
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3.2.4 Lewis acid-catalyzed reaction with nucleophiles 
 
Angle et al have exploited the propensity for p-quinone methides to form stable benzylic 
cations in the synthesis of compounds through intramolecular cyclization.21 Lewis acids were 
used to complex the carbonyl oxygen, generating a cation at the benzylic position, followed by 
internal cyclization by a terminal alkene group. We have investigated the reactions of dienone 
2.24 with a series of nucleophiles in the presence of TiCl4.  
 
In general, dienone 2.24 was treated with TiCl4 at -78°C in dichloromethane. The nucleophile 
was then added and after stirring at low temperature for 30 minutes, the reaction mixture was 
allowed to warm to room temperature and stirred overnight. The progress of the reaction could 
be qualitatively followed according to colour changes in the reaction mixture. Initially when 
TiCl4 was added, the solution turned bright red, indicating complex formation between the 
carbonyl oxygen and the TiCl4, presumably leading to formation of the benzylic carbocation. 
The solution then assumed an orange colour upon addition of the nucleophile and after 
aqueous workup a pale yellow colour was observed, probably due to the presence of 
unreacted dienone.  
 
Reaction with a relatively unhindered alcohol such as methanol, gave the diether 3.29 as the 
major product (Fig. 3.27). With ethanol, the diether 3.30 is the major product, but it is also 
accompanied by the alcohol 3.50. A similar effect is observed for isopropanol. Neither phenol 
nor phenoxyethanol reacted with 2.24. The phenol 3.54 obtained from the reaction of 2.24 with 
tetraethylene glycol, decomposed on standing in CDCl3, reverting back to the dienone 2.24. 
Ethanediol failed to react, presumably because it reacts with TiCl4 and also tends to crystallize 
out at the low temperatures employed. This could also account for the low yields found in the 
reaction with tetraethylene glycol. 
 
The study was extended to include softer sulphur and nitrogen centered nucleophiles. 
Ethanethiol and n-propylamine appeared to give bis-addition products with dienone 2.24 
analogous to those obtained with ethanol (Fig. 3.28). However, these products proved to be 
very difficult to purify, since extensive decomposition occurred upon chromatography. 
Separating the product from excess n-propylamine proved impossible, but the NMR spectra of 
the crude reaction mixture, indicated the presence of the bis-adduct 3.55. The HRMS of the 
ethanethiol adduct with dienone 2.24 was difficult to interpret, as the parent peak was absent 
                                                 
21
 S.R. Angle, J.D. Rainier, J. Org. Chem, 1992, 57, 6883. 
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and only the fragment containing the thioether substituent at the para-position of the aromatic 
ring could be identified. The NMR spectra were consistent with the structure of 3.56. 
 
O
2.24
i
MeO
OMe
3.29
(70%)
2.24
ii
EtO
OEt
HO
OEt
PriO
OPri
HO
OPri
HO
O
HO
OH
+
3.30 3.50
(61%) (31%)
iii
+
3.51 3.52(22%) (31%)
O
O
O
HO
3.53
+ + 2.24
(25%)
(10%)
(50%)
iv
2.24
2.24
3.54
 
Reagents and conditions: i) CH2Cl2, TiCl4, -78°C, MeOH; ii) CH 2Cl2, TiCl4, -78°C, EtOH; iii) CH 2Cl2,  
TiCl4, -78°C, i-propanol; iv) CH2Cl2, TiCl4, -78°, tetraethylene glycol 
Fig. 3.27: Products of TiCl4-catalyzed reaction of dienone 2.24 with alcohols. 
 
 
O
PriHN
NHPri
EtS
SEt
(30%) 2.24
3.553.56
iii
decomposition
(80%)
 
Reagents and conditions: i) n-PrNH2, TiCl4, CH2Cl2,  -78ºC; ii) CH3CH2SH, TiCl4, CH2Cl2, -78ºC
 
Fig. 3.28: TiCl4-catalyzed reaction of 2.24 with soft nucleophiles 
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p-Quinone methide 2.27, containing a pendant naphthaquinone moiety, was subjected to TiCl4-
catalyzed reaction with methanol in order to test whether the greater strain likely in this system 
would influence its reactions. The bis-ether 3.57 was isolated in good yield, indicating that with 
an unhindered nucleophile such as methanol, the relatively large naphthyl group does not 
hinder addition at the 5-position. No dehydrogenation of the ethane bridge was observed in 
any of these reactions. 
 
O
H3CO
OCH3
(70%)
3.572.27
Reagents and conditions: TiCl4, CH2Cl2, MeOH, -78°C to rt
 
Fig. 3.29: TiCl4-catalyzed reaction of 2.27 with methanol 
 
3.2.4.1 Crystal structure X-ray analysis of compound 3.57 
 
The crystal structure of 3.57 was obtained from single crystals grown from dichloromethane. 
 
 
 
 
Fig. 3.30: ORTEP diagram of 3.57 (left) and wireframe diagram of 3.57 (right) displaying 
labelled atoms  
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The central cycloheptane ring is slightly twisted from a boat form and the naphthyl substituent 
is projecting perpendicularly from the convex side of this ring. The methoxyl oxygen O16 is 
involved in short intramolecular contacts with two peri-hydrogens (H4 and H13) on the tricyclic 
aromatic rings (H4…O16 = 2.73 Å; H13…O16 = 2.64 Å) This phenomenon has been observed 
before in the crystal structure of 5-ethynyl-5H-dibenzo[a,d]cyclohepten-5-ol 5.7.22 
 
 
 
Fig. 3.31: Projection of the unit cell of 3.57 along the b-axis 
 
3.2.4.2 NMR analysis of compound 3.57 
 
Owing to the existence of a stereogenic centre at benzylic carbon bearing the methoxy group, 
the hydrogens in the ethane tether are diastereotopic and would therefore be expected to 
exhibit different chemical shifts. The 1H-NMR peaks corresponding to the CH2-groups of the 
ethane tether in the seven-membered ring of 3.57 are very broad at room temperature 
presumably due to fast flexing about the C-C bond (Fig. 3.32). Lowering the NMR solution 
temperature to -50°C, resulted in the sharpening of  peaks as a result of the flexing motion 
being slowed down. Two of the ethane protons resonate as multiplets at 2.01 and 2.25 ppm, 
while the remaining two resonate as a multiplet further downfield at 2.95 ppm (Table 3.7). 
These chemical shift differences can be attributed to the anisotropic effect of the naphthyl 
group which influences the ethane protons differently. 
 
                                                 
22
 T. Steiner, E.B. Starikov and M. Tamm, J.Chem. Soc., Perkin Trans 2, 1995, 67. 
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Fig. 3.32: Alkyl and methoxy peaks in the 1H NMR spectrum of 3.57 at 21°C (top) and -50 °C 
(bottom).∗ 
 
The aromatic region of the 1H spectrum of 3.57 (Fig. 3.35) also exhibits line-broadening at 
room temperature, but upon lowering the temperature to -50°C, significant peak sharpening 
occurs (the J–values are summarized in Table 3.7). 
 
 
                                                 
∗
 The peak at 1.55 ppm in the spectrum of 3.57 at 21°C corresponds to an impurity in the CDCl 3  solvent. 
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Fig. 3.33: Aromatic region of 1H spectrum of 3.57 at 21°C (top) and -50 °C (bottom). 
 
 
The proton and carbon signals for 3.57 were correlated and partly assigned with the aid of 
HMQC and DEPT-135 spectra (Fig. 3.34 and Table 3.7). Note that the unassigned signals 
comprise the aromatic ring systems. 
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Fig. 3.34: HMQC spectrum of 3.57 
 
Table 3.7: 1H-13C correlations obtained for 3.57 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
δH Multiplicity J / Hz δC Quarternary carbons 
2.01 multiplet - 30.3  CH2 84.9 C9# 
2.25 multiplet - 30.3 CH2 132.5 
2.95 multiplet - 32.2 CH2 134.7 
3.10 singlet - 53.6 ArOCH3 138.1 
4.02 singlet - 56.1 OCH3 142.8 
6.68 doublet 8.2 102.2 148.7 
6.85 doublet 7.1 130.1 155.9 
7.07 doublet 7.1 132.9  
7.09 triplet 7.4 130.7  
7.15-7.35 multiplet - 126.4, 126.8, 127.1, 
127.3, 127.6 
 
7.42 triplet 7.5 125.7  
7.69 doublet 7.5; 1.5 124.9  
8.05 doublet 8.6 126.1  
8.19 doublet 7.9 123.9  
8.25 doublet 8.3 122.5  
#Numbered as shown in Fig. 3.29. 
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The use of Ti(i-OPr)4 as an alternative Lewis acid in the reaction of dienone 2.24 with alcohols 
was also explored, but no reaction occurred. When the reaction was repeated with the addition 
of concentrated hydrochloric acid to the reaction mixture and ethanol as the nucleophile, the 
solution changed colour from yellow to orange, probably due to Ti(i-OPr)4 reacting with 
hydrochloric acid to form TiCl4. A lower yield of the diether 3.30 resulted, along with some 
alcohol 3.50 (Fig. 3.35). 
 
O
HO
OEt
+EtO
OEt
+
(10%)
2.24
3.503.30
i
(22%) (24%)
Reagents and conditions: i) Ethanol, Ti(i-OPr)4, HCl, CH2Cl2, rt, 24h
2.24
 
Fig. 3.35: Reaction of dienone 2.24 with Ti(i-OPr)4, HCl and ethanol 
 
Using BF3.OEt as Lewis acid in CH2Cl2 and methanol gave the diether 3.29 in good yield (Fig. 
3.36). 
 
O
Reagents and conditions: Cat. BF3.OEt, CH2Cl2, MeOH (1:1), reflux 17h.
(75%)
2.24 3.29
H3CO
OCH3
 
Fig. 3.36: Reaction of dienone 2.24 with methanol using BF3.OEt as catalyst 
 
The reaction was repeated using BF3.OEt and phenoxyethanol as the nucleophile, but only 
unreacted starting material was recovered.  
 
3.2.4.3 Proposed mechanism  
 
Lee et al showed in their NMR study of the role of the Lewis acid in the Sakurai reaction that 
TiCl4 complexes the carbonyl oxygen of an enone generating a positive charge at the β-carbon 
which facilitates attack by a nucleophile (Fig. 3.37).23 
                                                 
23
 P.H. Lee, K. Lee, S. Sung and S. Chang, J. Org. Chem., 2001, 66, 8646. 
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Fig. 3.37: Complexation of cyclohexanone by TiCl4 
 
The reaction of TiCl4 with dienone 2.24 is likely to follow a similar course. Complexation of the 
carbonyl oxygen atom by the Lewis acid leads to the formation of a cation (indicated by a 
distinctive colour change in the dichloromethane solution) followed by nucleophilic attack by 
the alcohol at the para-position of the pendant ring (Fig. 3.38). Loss of the titanium oxide group 
leads to aromatisation of the ring with formation of a tris-benzylic carbocation which is in turn 
attacked by alcohol to give the diether. 
 
O
TiCl4
CH2Cl2
ROH
RO
OR + TiOCl3
O TiCl4
RO O TiCl3
O TiCl4
OR
OH
R
 
 
Fig. 3.38: Mechanism for the TiCl4-catalyzed reaction of dienone 2.24 with alcohols. 
 
To summarize, 
(i) The Lewis acid catalyzed reactions of p-quinone methides with alcohols give 
predominantly diether products. These products are stable under the reaction 
conditions in contrast to the protic acid medium where the tris-benzylic ether is labile. 
(ii) No dehydrogenation of the ethane bridge in dienone 2.24 occurs.  
(iii) Reaction occurs with soft nucleophiles such as amines and thiols, but the products are 
not stable enough for PLC purification. 
(iv) The steric bulk of the alcohol affects the yield of diether formed. 
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3.2.5 Computational Studies 
 
3.2.5.1 Uncatalyzed addition of nucleophiles to p-quinone methides 
 
The addition of nucleophiles to p-quinone methides may be examined in terms of frontier 
molecular orbital (FMO) theory.  According to this model, the feasibility of a reaction is 
governed mainly by orbital and charge considerations.24 
 
In the addition of a nucleophile to the p-quinone methide (the electrophile), the dominant 
frontier orbital interaction is between the HOMO of the nucleophile and the LUMO of the 
electrophile.  The effectiveness of this interaction is determined by both the relative energies of 
these orbitals and the atomic orbital coefficients at the reacting centers.  The reaction can also 
be influenced by the residual charges on the reacting atoms.  A further factor that could 
influence reactivity is steric crowding around the reactive centers. Useful insights into these 
effects can be obtained from quantum mechanical calculations. 
 
We have optimized the geometries of a range of p-quinone methides at the B3LYP/6-31G* 
level of approximation and computed the energies and shapes of the LUMO’s as well as 
selected atomic charges for these geometries at the HF/6-31G* level.  The optimized 
structures are shown in Fig. 3.41 with details provided in Table 3.8, while their LUMO 
properties and selected Mulliken charges are given in Table 3.9. 
 
3.2.5.1.1 Conformational Analysis of p-Quinone Methides 
 
The reactivity of a molecule is liable to be influenced by its conformational characteristics.  We 
therefore undertook a computational study to explore the conformations of the p-quinone 
methides of interest to us.  The computed global minimum* structures are shown in Fig. 3.39 
and selected geometrical measurements are given in Table 3.8.¶ 
 
 
 
                                                 
24
 I. Fleming, “Frontier Orbitals and Organic Chemical Reactions”, Wiley, 1976.  
*
 In the case of 2.24 an additional higher energy structure 2.24’ is also displayed. 
¶p-Quinone methides numbered according to Table 2.6, Chapter 2 (also see glossary). 
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Fig. 3.39: Structures of selected p-quinone methides 
 
The simple p-quinomethane 3.1 is planar, as expected for an unstrained conjugated system of 
this type.  In the diphenyl derivative, 2.33, the quinone ring is twisted 15º and the two phenyl 
rings about 45º from the plane, resulting in a propeller-shaped molecule.  The exo double bond 
is also marginally longer in 2.33 compared with 3.1. 
 
In order to alleviate peri-peri hydrogen interactions in p-quinonefluorene 2.3, the quinone 
methide system is tilted about 15º from the plane of the fluorene ring system which is itself 
slightly folded to about 166º, while the quinone methide ring is also slightly distorted into a boat 
shape.  The effect of the distortion is to twist the aryl rings 22º from the plane of the methide 
moiety. 
 
A similar effect is observed for p-quinonedihydroanthracene 2.1 and p-quinonexanthene 2.2, 
except the quinone methide system is now tilted about 36º from the plane in 2.1 and the 
dihydroanthracene ring more folded (134º), while in 2.2 the corresponding tilt and fold angles 
are 149º and 145º, respectively, and the effective rotation of the aryl rings from the methide 
plane is 49º and 42º.  The increased tilting and folding distortions in 2.1 and 2.2 are likely to 
have the effect of hindering access to the lower face of the methide carbon as a result of 
interference from the peri-hydrogens of the flanking aryl rings, while access to the upper face 
of the same carbon is also hindered by the bridging linkage in the central ring. 
 
The seven-membered ring p-quinone methide 2.24 is able to adopt two conformations.  The 
first, 2.24, is similar to those of 2.1 and 2.2, with the quinone methide moiety tilted about 50º, 
and the tricyclic system folded to about 120º.  The quinone ring is twisted about ca. 5º from the 
methide plane and the flanking aryl rings 55º and 69º, respectively.  The torsion angle in the 
ethane bridge is 58º. The alternative conformation, 2.24’, which is 48.1 kJ.mol-1 less stable, is 
a comparatively planar propeller-shaped structure with the quinone methide ring twisted 36º 
and the aryl rings about 24º from the methide plane. The torsion angle in the ethane bridge is 
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90º.  The barrier for conversion of conformer 2.24 to 2.24’ was computed to be 95.3 kJ.mol-1 at 
the PM3 semiempirical MO level. 
O
tilt angle
O
fold angle
upper face
lower face
 
Fig. 3.40:  Geometrical parameters that define the shapes of the tetracyclic p-quinone 
methides 
 
Table 3.8: Selected geometrical parameters for B3LYP/6-31G* optimized structures 
 
 Distance / Å Tilt 
angle 
Fold 
angle Ring twist angle / º 
 
C1=C2 Hperi/Hperi Hperi/Hperi   Dienone Aryl Aryl 
3.1 1.35   - - 0 - - 
2.33 1.39 2.51 2.54   15 45 46 
2.3 1.39 1.84 1.83 15 166 4 22 -22 
2.1 1.38 2.23 2.23 36 134 0 49 -49 
2.2 1.39 2.12 2.12 31 145 1 42 -42 
2.24 1.38 2.49 2.68 50 120 4 55 -69 
2.24’ 1.42 2.43 2.47   -36 -23 -25 
2.21 1.38 2.42 2.54 44 118 5 51 -64 
2.23 1.38 2.59 2.59 52 127 3 60 -60 
2.27 1.37 2.54 2.37a 53 110 2    58     -71 
a
 Nearest contact is H15…C12 where H15 is the naphthaquinone peri-H and C15 is the ring carbon to which the 
ethane bridge is bonded. 
 
The barrier for rotation of the ethane bridge of 2.24 to give its enantiomer, was computed at 
the same level to be about 10.8 kJ.mol-1. The presence of a ring oxygen atom in 2.21 does not 
significantly alter its shape compared to that of 2.24.  
 
In the case of the dibenzocycloheptenyl system 2.23, the quinone methide unit is tilted about 
52º and the fold angle for the tricyclic ring system is about 127º.  While the quinone ring is 
practically coplanar with the methide carbon center, the aryl rings are twisted 60º from the 
plane.  The seven-membered ring has a distinct boat-shape, with the plane of the alkene unit 
also twisted approximately 31° from the planes of the conjugated aryl rings. 
 
The naphthaquinone methide 2.27 adopts a similar geometry to 2.24 insofar as the tricyclic 
part of the molecule is concerned.  The aromatic ring in the naphthaquinone nucleus overlays 
  
112 
the underlying ring system, and in order to alleviate the resulting strain, the naphthaquinone 
moiety is somewhat distorted with the quinone methide ring adopting a distinct boat shape.  
 
It is clear that the introduction of aryl rings at the methide carbon does not necessarily extend 
conjugation of the p-quinone methide system, since steric congestion can result in twisting of 
the aryl and quinone rings about the central carbon.  p-Quinonefluorene 2.3 best approaches a 
planar system, but in all other cases the distortions are significant. 
 
 
3.5.2.1.2 Crystal structure of dienone 2.27 
 
Steric crowding about the central seven-membered ring could be observed from the crystal 
structure of 2.27 which was obtained from single crystals grown from tetrahydrofuran (Fig. 
3.43). Centrosymmetric dienone 2.27 displays intramolecular strain that causes curvature of 
the naphthoquinone moiety in order to minimize peri-interaction between the hydrogens of the 
tricyclic ring and those of the naphthaquinone ring. “Folding” of the cyclohexadienone along 
the C=O vector direction is quite pronounced, and the out-of-plane deviation of C16 from the 
least-squares plane formed by atoms C16-C17-C18-C19-C20-C21 is -0.25 Å. The interatomic 
distance between C15 and C17 is 3.09 Å and between C8 and C22 is 3.11 Å (Fig. 3.41), which 
indicates the extent of deviation of the tricyclic ring from the plane of the naphthaquinone ring.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.41: ORTEP-diagram showing atomic numbering and thermal ellipsoids at the 50% 
probability level for 2.27 
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Fig. 3.42: Space-filling diagram for compound 2.27 showing interatomic distances and 
distortion of the naphthaquinone ring 
 
3.2.5.1.3 Orbital and Charge Characteristics 
 
We noted earlier that the dominant frontier orbital interaction for the addition of a nucleophile to 
a p-quinone methide is between the HOMO of the nucleophile and the LUMO of the 
electrophile.  The effectiveness of this interaction is determined by both the relative energies of 
these orbitals and the atomic orbital coefficients at the reacting centers.  The reaction can also 
be influenced by the residual charges on the reacting atoms.  In Table 3.9 we show graphical 
depictions of the LUMO’s as well as their energies, and Mulliken charges for the carbonyl and 
methide carbons*, for the p-quinone methides 3.1-2.27.  The computed HOMO energies for a 
series of nucleophiles are shown in Table 3.10. 
 
                                                 
 
*
 The following numbering convention was used:          
O
1 2
3
7
6
5 4
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Table 3.9: HF/6-31G*//B3LYP/6-31G* LUMO and charge data for p-quinone methides 2.1-3.1* 
 
Orbital energies/eV Mulliken charges p-QM HOMO LUMO Band gap C1 C7 LUMO 
3.1 -9.05 1.45 10.5 0.52 -0.43 
 
2.33 -7.71 0.81 8.52 0.53 0.06 
2.3 -6.04 -3.01 3.03 0.44 -0.06 
2.1 -7.86 0.79 8.65 0.53 -0.02 
2.2 -7.71 0.66 8.37 0.54 0.06 
                                                 
*
 Single-point HF/6-31G* calculations were carried out on the B3LYP/6-31G* optimized geometries. 
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Orbital energies/eV Mulliken charges p-QM HOMO LUMO Band gap C1 C7 LUMO 
2.24 -8.28 1.44 9.72 0.53 -0.01 
2.24’ -7.18 0.31 7.49 0.53 0.12 
 
2.21 -8.03 0.88 8.91 0.53 -0.03 
2.23 -7.87 1.07 8.94 0.53 -0.02 
2.27 -7.98 1.28 9.26 0.56 -0.04 
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Table 3.10 Selected nucleophile HOMO energies (HF/6-31G*)/eV. 
 
Nucleophile HOMO LUMO(2.3)-HOMO LUMO(2.24)-HOMO 
MeOH -12.06 9.05 13.50 
MeO- -1.93 1.08 3.37 
CH3 - 0.09 3.10 1.35 
Ph- -2.00 1.01 3.44 
MeNH2 -10.44 7.43 11.88 
MeNH- -0.32 2.69 1.76 
CN - -4.11 1.10 5.55 
N3 - -2.05 0.96 3.49 
Malonate -3.40 0.39 4.84 
H2O -13.56 10.55 15.00 
HO- -1.02 1.99 2.46 
t-BuO- -2.60 0.41 4.04 
PhCC - -4.51 1.50 5.95 
PMePhS- -2.03 0.98 3.47 
 
 
Since the fluorenylidene cyclohexadienone 2.3 is almost planar, extensive delocalization of its 
π-electrons is possible, resulting in greater stabilization.  Consequently, its LUMO energy is 
lowered and the energy gaps with the HOMO’s of all the charged nucleophiles shown in Table 
3.11 (with the exception of CH3- and MeNH-) are less than 2 eV. 
 
In contrast, the systems containing a seven-membered central ring, e.g. 2.24, are so distorted 
that conjugation of the p-quinone methide with the other aryl rings is severely disrupted, 
resulting in higher energy LUMO’s.  As a result, the energy gaps with the nucleophile’s 
HOMO’s are widened and only two (CH3-and MeNH-) lie within 2 eV.  The p-quinone methide 
system in these distorted compounds would therefore be expected to be less reactive towards 
nucleophiles than the unstrained fluorenylidene cyclohexadienone structure. 
 
The graphical displays of the LUMO’s indicate that, in all cases, the coefficients on C7 are 
marginally larger than on C1, but there are no significant variations in these coefficients across 
the series of p-quinone methides 3.1-2.27. Comparison of the computed Mulliken charges 
shows that in all cases the carbonyl carbon (C1) carries a greater partial positive charge.  With 
the exception of the almost planar fluorenylidene cyclohexadienone 2.3 where conjugation with 
the aromatic rings is possible thereby lowering the partial positive charge on C1, no significant 
variation in the C1 Mulliken charge is observed across the series of aryl substituted p-quinone 
methides 2.1-2.33.  The Mulliken charge on the methide carbon C7 is significantly less positive 
than C1, and as with C1, variations across the series are not significant.  We may therefore 
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conclude that in terms of FMO theory, if the charge interaction contribution to energy lowering 
is important in these systems, interaction of a nucleophile with an aryl-substituted p-quinone 
methide will be favoured at the carbonyl carbon (C1) compared to the methide carbon (C7). 
 
3.2.5.1.4 Conformations and Reactivity 
 
We have attempted to assess the accessibility of the methide carbon in ‘tilted’ structures such 
as 2.24 to nucleophiles approaching from either the upper∗ or lower faces.  Inspection of 
space-filling models reveals that both faces are hindered; the upper face by the bridge unit in 
the central ring, and the lower face due to protrusion of the peri-hydrogens from the flanking 
aryl rings into the path of any approaching nucleophile.  The models seem to indicate that 
steric hindrance might be greater for the lower than the upper face.  In order to quantify the 
differences, we determined the energy profiles associated with moving a trigonal planar methyl 
group from 3.5 Å to 1.55 Å towards both the upper and lower faces of the methide carbon, and 
also to the carbonyl carbon of the p-quinone methide 2.24.  Our approach was to calculate the 
strain energy along the trajectory at the MMFF molecular mechanics level whilst keeping the 
geometry of the p-quinone methide constrained according to its B3LYP/6-31G* optimized 
configuration, and without constraints imposed on the methyl group.  The study was repeated 
using phenyl as the approaching group.  The resulting energy profiles are shown in Figs. 3.43 
and 3.44. 
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Fig. 3.43:  Molecular mechanics strain energy for approach of CH3 to the methide (C7) and 
carbonyl (C1) carbons in p-quinone methide 2.24 (constrained geometry) 
                                                 
∗
 The top face is defined as the face towards which the p-quinone ring is tilted (see Fig. 3.42). 
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Fig. 3.44: Molecular mechanics strain energy for approach of C6H5 to methide (C7) and  
carbonyl (C1) carbons in p-quinone methide 2.24 (constrained geometry) 
 
Examination of the steric strain profiles indicates that less strain is in fact engendered when a 
nucleophile approaches the methide carbon from the lower than the upper face.  Furthermore, 
approach to the carbonyl carbon is significantly less hindered compared to the methide carbon. 
Similar profiles were obtained when the constraints on the p-quinone methides were relaxed 
(Figs. 3.45 and 3.46).  
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Fig. 3.45: Molecular mechanics strain energy for approach of CH3 to methide (C7) and 
carbonyl (C1) carbons in p-quinone methide 2.24 
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Fig. 3.46: Molecular mechanics strain energy for approach of C6H5 to methide (C7) and  
carbonyl (C1) carbons in p-quinone methide 2.24 
 
Next we computed the relative energies of the 1,6-adducts that would result from nucleophilic 
attack at the methide carbon (C7) from both the upper and lower faces in the 
dibenzodihydrocycloheptenyl p-quinone methide 2.24, as well as the 1,2-adducts resulting 
from attack on the carbonyl carbon (C1).  Two nucleophiles were used, namely, CH3- and OH-, 
and the results are given in Table 3.11. 
 
1,6-Addition is clearly strongly favoured thermodynamically over 1,2-addition, presumably 
reflecting mainly the gain in resonance stabilization energy for the aromatic 1,6-adduct (Fig. 
3.48). However, the difference is found to be smaller in the dibenzodihydrocycloheptenyl 
system 2.24, probably reflecting destabilization of the 1,6-adduct as a result of greater steric 
crowding.  This conclusion is supported by the observation that the difference is significantly 
smaller for the smaller OH- nucleophile compared with CH3-. 
 
Interestingly, the adduct conformer 2.24b1 is marginally more stable than 2.24’a, despite the 
former consisting of a boat-like seven-membered ring containing an axial phenyl and an 
eclipsed ethane bridge. 
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Figure 3.47: 1,2- versus 1,6-Nucleophilic addition to p-quinone methides 
 
Table 3.11: Relative energies (kJ.mol-1) for adducts resulting from nucleophilic attack on p-quinone 
methides 3.1 and 2.24/2.24’ 
 
p-Quinone 
Methide 
Adduct Nucleophile 
   
CH3- OH- 
   Etot/a.u.* Erel/kJ.mol-1 Etot/a.u.* Erel/kJ.mol-1 
3.1  1,2 -385.4292992 228.4 -421.3528722 166.1 
  1,6 -385.5162593 0.0 -421.4161475 0.0 
2.24 2.24a 1,2 -924.9682306 158.1 -960.8904882 138.9 
2.24 2.24b1 1,6 -925.0284614 0.0 -960.9434601 0.0 
2.24 2.24b2 1,6 -925.0105410 46.9 -960.9304665 34.3 
2.24’ 2.24’a 1,6 -925.0263330 5.4 -960.9322181 29.7 
* B3LYP/6-31G* optimized structures. 
   2.24a        2.24b1                      2.24b2                                  2.24’a 
 
Figure 3.48: Adduct conformers obtained for 2.24 
 
DFT computations were also used to verify the earlier molecular mechanics strain energy 
calculations.  Our approach was to stretch the distance between the CH3- group and its target 
carbon (C7 or C1) to 2.2Å and then recompute the energy (Table 3.12). 
 
The energy increases by a larger amount when the CH3-.…C7 bond is stretched from its 
equilibrium position to 2.2 Å compared to CH3-.…C1.  While we suggest that this reflects 
greater steric crowding around C7 compared with C1, the loss of aromatic stabilization energy 
as the pendant ring reverts to a quinone methide structure probably also contributes. 
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Table 3.12: B3LYP/6-31G* calculations on adducts 2.24a, 2.24b1 and 2.24b2 at varying 
nucleophile/electrophile separations 
 
CH3- adduct Etot / a.u. CH3.…C7 or C1 / Å ∆Etot kJ.mol-1 
2.24a -924.9682306 1.558  
 -924.9469448 2.2 56.1 
    
2.24b1 -925.0284614 1.552  
 -924.9735028 2.2 144.3 
    
2.24b2 -925.0105410 1.565  
 -924.9624777 2.2 125.9 
 
We therefore conclude that while 1,6-addition of nucleophiles to the quinone methide 2.24 is 
thermodynamically more favourable than 1,2-addition, the latter could be kinetically favoured.  
Our theoretical study has shown that the major contributory factors are charge effects which 
favour nucleophilic attack at the carbonyl carbon, allied with steric crowding around the 
methide carbon.  This is supported by our experimental findings where the only adducts 
obtained from, e.g., the reaction of 2.24 with Grignard reagents such as ArMgBr, are those 
resulting from 1,2-addition to the carbonyl carbon. 
 
During the course of the reaction of 2.24 with Grignard reagents and also with NaOMe, 
reduction products such as 3.2, 3.9 and 3.16 (Table 3.4) in which the ethane bridge has 
undergone dehydrogenation are also formed.  The possible mechanism (Fig. 3.18) involves 
abstraction of a proton from the ethane bridge, followed by vicinal H- transfer to the methide 
carbon.  Calculations support this mechanism by showing that for CH3- approaching 2.24 from 
its upper face, abstraction of a bridge proton to form methane and the benzylic carbanion (Fig. 
3.49) is thermodynamically more favourable than addition of CH3 to the methide carbon by  
13.4 kJ.mol-1.  Furthermore, the hydride transfer that follows from the carbanion 3.58 to form 
3.1 is exothermic by approximately 28.9 kJ.mol-1. 
 
O
3.58
 
Figure 3.49: Structure of benzylic carbanion 3.58 
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These studies show that in crowded p-quinone methides like 2.24, chemical reactivity can be 
strongly influenced by steric crowding, resulting in reversal of the normal 1,2- vs. 1,6- 
selectivities expected for nucleophilic addition. 
 
3.2.5.2 Acid-catalysed reactions of p-quinone methides with alcohols 
 
We showed earlier that the parent p-quinone methides generally adopt structures in which the 
carbons making up the methide units are planar.  When the carbonyl oxygen is protonated, our 
calculations show that the resultant cation is best represented by the structure (i)’ (Fig. 3.25) 
where the pendant ring has the properties of a p-hydroxyphenyl ring rather than an O-
protonated quinone methide (i).   
 
In the computed structures of such cations, the p-hydroxyphenyl rings are frequently found to 
be rotated out of the plane of the benzylic cation center.  For example, the torsion angles found 
for the O-protonated fluorenyl and xanthenyl quinone methides 2.3h and 2.2h (Table.2.8) are 
34° and 53°, respectively.   Presumably the combination of gained aromatic stabilization in the 
pendant ring and relief of strain energy through rotation exceeds the effect of the loss of its 
stabilizing conjugative interaction with the benzylic cation.  An additional effect is to also 
improve the planarity of the cation center with respect to the flanking aromatic rings in the 
tricyclic ring system, thereby promoting better conjugative stabilization by these rings. 
 
This is also the case for the O-protonated quinone methide 2.9h where DFT calculations show 
that the comparatively planar propeller-shaped conformer is about 3.5 kJ/mol more stable than 
the folded conformer 2.9h’ (Table 3.13).  Interestingly, HF single point calculations on the DFT 
geometries reverse this order, with 2.9h’ being 6.3 kJ/mol more stable. 
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Table 3.13: B3LYP/6-31G* optimized geometries and HF/6-31G*//B3LYP/6-31G* LUMO’s and Mulliken 
charges for selected O-protonated p-quinone methides. 
 
Mulliken 
charges O-protonated p-QM LUMO 
COH C+ 
2.9h∗ 
  
 
0.46 0.23 
2.9h’ 
 
 
 
0.49 0.13 
2.6h 
 
 
 
0.49 0.13 
2.8h 
 
 
 
0.49 0.15 
∗Numbering according to Table 2.6, Chapter 2. 
 
However, the most stable conformers for the cations 2.6h and 2.8h are those in which the p-
hydroxyphenyl groups have retained the ‘face-on’ orientations of their p-quinone methide 
precursors. 
 
Examination of the LUMO’s reveals that the atomic orbital coefficients on the tris-benzylic 
carbons are large in all cases, thus favouring bonding at these carbons by nucleophiles.  The 
2 
17 
7 
2 
10 
8 
17 
8 
10 7 
2 
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coefficients on the para-carbons of the pendant phenyl rings are also large, although there is a 
reduction in 2.9h where the phenyl ring is rotated thereby reducing delocalisation of the 
positive charge to this position. 
 
There are some significant differences in the Mulliken charge distributions computed for the 
cations (Table 3.13) compared to their parent p-quinone methides (Table 3.9) insofar as the 
para-carbons are less positive and the tris-benzylic carbons more positive.  In the case of the 
cation 2.9h’, the Mulliken charges on the tris-benzylic and p-hydroxy carbons are significantly 
lower and higher, respectively, compared with the slightly more stable conformer 2.9h, as a 
result of greater delocalization of charge into the pendant ring in 2.9h’. 
 
In terms of FMO theory, the computed atomic orbital coefficients and charges are therefore 
expected to favour nucleophilic attack at both the para- and tris-benzylic carbons. 
 
The relative stabilities of the 1,2- and 1,6-adducts have been assessed by using water as the 
attacking nucleophile. 
OHHO O OH
OH
1,2 1,6
H2O/H H2O/H
 
Figure 3.50: 1,2- versus 1,6-Nucleophilic addition of water to quinone methides 
 
Table 3.14:  Relative energies (kJ/mol) for adducts resulting from addition of water to p-quinone 
methides 3.1 and 2.24 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
p-QM Adduct  Etot/a.u.* Erel/kJ.mol-1 
3.1 3.1a 1,2  -421.9428308 115.3 
 3.1b 1,6  -421.9867459 0.0 
  
    
2.24 2.24c 1,2  -961.4747378 82.1 
 2.24d1 1,6  -961.5060071 0.0 
 2.24d2 1,6  -961.4928048 34.7 
 2.24d3 1,6  -961.4995346 17.0 
* B3LYP/6-31G* optimized structures. 
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Fig. 3.51: Adducts resulting from addition of water to p-quinone methides 3.1 and 2.24 
 
As with addition of hydroxide to p-quinone methides, acid catalysed 1,6-addition is also 
strongly favoured thermodynamically over 1,2-addition owing to the resonance stabilization 
energy gained in the aromatic 1,6-adduct. The most stable conformer of the 1,6-adduct 
obtained from 2.24 is structure 2.24d1, where the fused tricyclic ring system is folded and the 
p-hydroxyphenyl and hydroxy groups pseudo-equatorial and pseudo- axial, respectively.  
 
The rate of acid catalysed 1,6-addition of alcohols to quinone methides such as 2.24 is likely to 
be slowed to some extent as a result of steric hindrance the alcohol molecule would 
experience in its approach to the tris-benzylic carbon.  However, even if 1,2-addition were to 
occur faster for this reason, it would take place reversibly (in contrast to the addition of a 
carbanion) and consequently, equilibration to the more stable 1,6-adduct would eventually 
occur.  
 
We extended the computational study to the dehydrogenation reaction that leads to the 
formation of reduced monoethers such as 3.20 from 2.24 under prolonged heating with alcohol 
in the presence of acid. One mechanistic option considered earlier (Fig. 3.25) was 
rearrangement of the cation (vi) through a transannular 1,4-hydride migration to the isomer (x) 
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followed by deprotonation from the vicinal methylene carbon.  We modeled the process at the 
PM3 semiempirical MO level for the cations 2.9h’ and 2.6h.  The energies of the isomeric 
cations as well the transition state structures located for the H-migrations are shown in Table 
3.15. In addition, the B3LYP/6-31G* energies of the cations are given in Table 3.16. 
 
X
OH
H
H
X
OH
H
X
OH
H
H
X = CH2
-HH
(vi) (x) (i)'
 
Fig. 3.52: Rearrangement of cation (vi) to (x) to (i)’ 
 
Table 3.15: PM3 energies (kJ/mol) for rearrangement of cation (vi) to (x) for 2.9h’ and 2.6h 
 
X = CH2 
 
 H2O 3H2O 
X = O 
 
∆Hf Erel ∆Hf Erel ∆Hf Erel ∆Hf Erel 
(vi) 863.8 
 
0.0 628.8 
 
0.0 
 
141.2 
 
0.0 760.0 
 
0.0 
 
TS structure 1034.0 170.2 775.5 146.8 
 
282.7 
 
141.4 904.8 144.8 
(x) 946.1 82.3 696.0 
 
67.3 
 
187.0 
 
45.8 806.1 46.2 
 
 
Table 3.16: B3LYP/6-31G* energies for rearrangement of cation Z to Y 
 X = CH2 X = O 
 Etot (au) Erel (kJ/mol) Etot (au) Erel (kJ/mol) 
(vi) -885.4666318 0.0 -921.3617888 0.0 
(x) -885.4243841 110.9 -921.3377541 63.1 
(i)’# -885.4351199 82.7   
#
 A more stable conformer to which the initial product is able to relax. 
 
 
Not unexpectedly, rearrangement of the tris-benzylic cation (vi) to the benzylic cation (x) is 
predicted to be strongly endothermic, although it is significantly less so in the case of (vi) (X = 
O) owing to resonance stabilization of (x) by oxygen.  It is therefore highly unlikely that 
dehydrogenation of the ethane bridge takes place via a cation rearrangement of this nature.  In 
support of this, no products resulting from nucleophilic attack on the cation (x) were observed. 
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However, the possibility of a concerted hydride migration and solvent-assisted vicinal 
deprotonation cannot be excluded.  Also shown in Table 3.15 is the effect on the energetics of 
the hydride shift of locating first one and then three water molecules in the vicinity of the vicinal 
methylene group.  It is clear that the reaction becomes decreasingly endothermic as water 
molecules are included.  We suggest that this is due to a solvation interaction between the 
water molecules and vicinal protons whose acidity increases as the migration progresses.  
Taken to the limit, it can be envisaged that solvent-assisted deprotonation of the vicinal carbon 
could occur in concert with H-migration. 
 
A third possibility is that the cation (vi) undergoes deprotonation on the ethane bridge to give 
the diene (xi), followed by a 1,5-sigmatropic migration of hydrogen, yielding (xii). 
 
OR OR OR
(vi)
(i)' R = H
(xi)
(xiii) R = H
(xii)
3.2 R = H
HH
H H
 
Fig. 3.53: Possible mechanism for conversion of (vi) to (xii) involving a 1,5-sigmatropic 
hydrogen migration 
 
 
Electrostatic potentials have been shown to correlate with the relative acidities of hydrogens.25 
Relative electrostatic potentials measured on the isosurfaces (Fig. 3.54) along the projections 
of selected CH bonds in the conformers 2.9h and 2.9h’ of the cation (i)’ are given in Table 
3.17.   
 
 
 
 
 
 
    (i)’ (conformer 2.9h)                            (i)’ (conformer 2.9h’) 
Fig. 3.54: Electrostatic potential isosurfaces for cation (i)’ 
 
 
                                                 
25
 W.J. Hehre, J. Yu, P.E. Klunzinger and L. Lou, A Guide to Molecular Mechanics and Quantum Chemical Calculations, 
Wavefunction, Inc., Irvine, CA, USA, 2003. 
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Table 3.17: Selected relative HF/6-31G*//B3LYP/6-31G* electrostatic potentials for p-quinone methide 
2.24 and cation (i)’ (kJ/mol) 
 
 
Conformer H17 H10 H8 H2 H7¶ 
2.24  
 77 69 86 51 
2.9h 555 344 337 338 342 (i)’ 
2.9h’ 600 320 312 345 324 
¶Hydrogens numbered according to Table 3.13 
 
As expected, the phenolic hydrogen is the most acidic, especially in conformer 2.9h’ where the 
positive charge is delocalised into the p-hydroxyphenyl ring.  The methylene hydrogens are 
indicated to be acidic by comparison with the neutral quinone methide 2.24, and deprotonation 
of the ethane bridge could therefore occur, albeit an unfavourable process.  However, in the 
ether (vi) the competing phenolic proton abstraction pathway is not available, hence favouring 
methylene deprotonation. 
 
Table 3.18: Computed energies for sigmatropic 1,5-H migration 
 PM3 B3LYP/6-31G* 
 ∆Hf (kJ/mol) Erel (kJ/mol) Etot (au) Erel (kJ/mol) 
2.24 248.1 0.0 -885.0744448 0.0 
(xiii) 266.1 18.1 -885.0547729 51.6 
TS structure 385.9 137.8 
119.7¶ 
 167.2 
115.5¶ 
3.2 212.4 -35.6 -885.0865384 -31.8 
¶ Relative to (xiii) 
 
 
The structure (xiii) is less stable than its isomer 2.24 (Table 3.18) probably reflecting some 
loss of conjugative stabilization as a result of two π-bonds now being located in the distorted 
central ring where they describe a torsion angle of 35°.  However, our calculations show that 
(xiii) converts smoothly to 3.2 via an exothermic suprafacial 1,5-migration of hydrogen. 
 
We believe that this mechanism satisfactorily accounts for the formation of the 
dehydrogenated monoether (xii) when the p-quinone methide 2.24 is subjected to prolonged 
heating in an alcohol solution containing acid (Fig. 3.55).  The quinone methide 2.24 is 
connected to the diene (xiii) through the cation (i)’ via a series of dynamic equilibria.  Solvent-
induced deprotonation of (i)’ is expected to take place faster at the phenolic group compared 
to a methylene carbon, giving the more stable quinone methide 2.24.  The difference in 
stability between 2.24 and (xiii) is substantial and this would translate into an extremely small 
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proportion of (xiii) at equilibrium.  Hence significant amounts of the product 3.2 would not be 
expected to form. 
 
At the same time, the cation (i)’ undergoes nucleophilic attack by the alcohol, leading to 
replacement of the hydroxy group by alkoxy and giving the alkoxy cation (vi) in equilibrium with 
the diether (viii).  Clearly, as the alkoxylation reaction proceeds, these species will build up as 
the only significant components in solution.  Since the cation (vi) is not a phenol, the only site 
now available for deprotonation is one of the bridge methylene groups, leading to the diene (xi) 
which rearranges to the more stable product (xii).  However, since the concentration of (xi) will 
be very low, the rate at which (xii) forms is slow. 
 
OH OR
O
2.24
HO OR OR
RO
ROHROH
OROH
OH
H
OR
H
H-H
H
H-H H-H
(i)' (vi)
(xiii) (xi)
3.2 (xii)
(viii)
 
Fig. 3.55: Proposed mechanism for the acid-catalyzed reactions of quinone methides with 
alcohols 
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Finally, we have attempted to construct a relative energy scale for the sequence 2.24-(i)’-(xiii)-
3.2.  The energies of structures 2.24, (xiii) and 3.2 can be compared directly since they are 
isomers, but (i)’ differs by an added proton.  Our approach has been to add the computed 
energy of a H3O+.3H2O complex to the energies calculated for each of 2.24, (xiii) and 3.2, and 
the energy of a 4H2O complex to that of (i)’ (Table 3.19).  This ensures that the four structure 
and water combinations are effectively isomeric and therefore their energies can be compared 
directly.  By associating the proton with four water molecules, solvation effects are 
accommodated to some extent. 
 
Table 3.19: Relative energy scale for structures 2.24-(i)’-(xiii)-3.2 (kJ/mol) 
Method 2.24 (i)’ (xiii) 3.2 
PM3 52.6 0.0 70.7 17.0 
B3LYP/6-31G* 78.1 0.0 129.8 46.4 
 
 
While the relative energies for the neutral species 2.24, (xiii) and 3.2 are not changed, the 
calculations suggest that the cation intermediate (i)’ could be comparatively stable.  In solution, 
full solvation of the spectator proton is expected to lower the energies of 2.24, (xiii) and 3.2, 
while the energy of the large carbocation (i)’ is unlikely to be as strongly affected.  The net 
effect would be to lower the relative energy differences compared to the values shown in  
Table 3.18.  These results support our proposal that the relatively stable cations (i)’ and (vi) 
are important intermediates connecting the manifold of products resulting from the reactions of 
quinone methides such as 2.24 with alcohols in acid medium. 
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3.3 Experimental 
 
3.3.1 X-ray crystal structure data 
 
Table 3.7: Crystal and structure refinement data for compound 3.57 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.14: Crystal and structure refinement data for compound 2.27 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.57 
Empirical formula C27H24O2 Unit cell 
dimensions 
A = 13.4021(3) Å    
 α = 90° 
Formula weight 380.46  B =  9.2233(2) Å   
β = 92.602(1)° 
Crystal size 0.30 × 0.28 × 
0.25mm3 
 C = 15.7920(4) Å      
 χ = 90° 
Temperature 113 (2) K Volume 1950.06(8) Å3 
Crystal system Monoclinic µ(Mo-Kα)/ mm-1 0.080  mm-1 
Space group P21/c (No. 14) Z 4 
Goodness-of-fit 
on F2 
1.002 Reflections 
collected / 
unique 
 
7085 / 3681 [R(int) = 0.0284] 
2.27 
Empirical formula C25H18O Unit cell 
dimensions 
A = 9.2375(1) Å    
 α = 90° 
Formula weight 334.39 
 
B = 23.3585(4) Å   
β = 90 ° 
Crystal size 0.08 x  0.11 x  
0.13   mm3 
 
C = 15.5819(3) Å      
 χ = 90° 
Temperature 113 (2) K Volume 3362.17(9) Å3 
Crystal system Orthorhombic µ(Mo-Kα)/ mm-1 0.079   mm-1 
Space group Pbca No. 61 Z 8 
Goodness-of-fit 
on F2 
1.016 Reflections 
collected / 
unique 
5956,   3181; 
[R(int) = 0.041] 
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3.3.2. Reactions with nucleophiles 
 
3.3.2.1 Bases 
 
The dienone 2.24 (0.5 g, 1.76 mmol) in dry DMF (50 cm3) was treated with an equimolar 
quantity of base at ambient temperature. The reaction mixture was allowed to stir overnight 
and after aqueous workup was extracted with dichloromethane and washed with dilute HCl 
and Na2CO3. The products were separated on preparative TLC using a 1:1 mixture of hexane 
and dichloromethane as eluent. Typically, reaction of 2.24 with NaOMe gave 5-(4-
hydroxyphenyl)-5H-dibenzo[a,d]cycloheptene (3.2) and 5-(4-hydroxyphenyl)-10,11-
dihydro-5H-dibenzo[a,d]cycloheptene (3.3) (0.25 g, 50 %), m.p. 
165.8-166.5°C,  νmax(CHCl3)/cm-1 3596.3, 3326.7 (OH), 1612.2, 
1593.9, 1509.0, 1429.0, 1257.3, 1224.5, 1174.6; δH(CDCl3) 2.75 (2H, 
m, CH2CH2), 3.14 (2H, m, CH2CH2), 4.89 (1H, s (broad), OH), 4.97 
(1H, s (broad), OH), 5.19 (1H, s, CH), 5.35 (1H, s, CH), 6.49 (2H, d, J 
= 8.5Hz, Ar-H), 6.53 (2H, d, J = 8.9Hz, Ar-H), 6.67 (2H, d, J = 8.8Hz, Ar-H), 6.76 (2H, s, 
CH=CH), 6.80 (2H, d (overlapping with s), Ar-H), 7.18-7.53 (16H, m, Ar-H); δC(CDCl3) 32.7 
(CH2), 57.3 and 58.0 (CH), 114.7, 115.3, 126.5, 127.2, 127.7, 128.7, 128.9, 129.0, 130.3, 
130.8, 131.3, 131.3, 131.9 (CH, Ar), 134.4, 135.1, 138.3, 140.3, 140.9, 141.0, 153.8, 153.9 
(quat. Ar); HRMS: m/z 286.13480 (M+ (C21H18O), 23.54%), 284.1198 (95.80, M+ (C21H16O)), 
269.09657 (4.69, C21H17), 267.11681 (4.94, C21H15), 265.10083 (6.41, C21H13), 252.09328 
(5.94, C20H12), 239.08570 (5.52, C19H11), 209.09731 (13.15, C15H13O), 192.09471 (100, 
C15H12), 191.08685 (51.14, C15H11), 178.07833 (17.58, C14H10), 165.07002 (13.25, C13H9), 
152.06145 (4.16, C12H8), 115.05435 (8.12, C9H7), 107.04893 (5.09, C7H7O), 91.05473 (4.96, 
C7H7); C21H18O requires M+, 286.13577 and C21H16O requires M+, 284.12012. 
 
The dienone 2.24 (0.5 g, 1.76 mmol) in dry, deaerated DMF (50 cm3) was treated with an 
equimolar amount of base at ambient temperature under an atmosphere of argon. The 
reaction mixture was allowed to stir overnight and after aqueous workup was extracted with 
dichloromethane and washed with dilute HCl and Na2CO3. The products were separated on 
preparative TLC using a 1:1 mixture of hexane and dichloromethane as eluent. Typically, the 
reaction of 2.24 with NaOMe in degassed DMF gave 5-(4-hydroxyphenyl)-5H-
dibenzo[a,d]cyclohepten-5-yl (3.2) (0.37 g, 73 %), m.p. 191.3-192.9°C, 
νmax(CHCl3)/cm-1 3597.5, 3320.4 (H-bonded OH), 1612.2, 1594.0, 1509.9, 
1438.8, 1257.4, 1175.1; δH(CDCl3) 4.64 (1H, s (broad), OH (phenolic)), 5.33 
(1H, s, CH), 6.47 (2H, d, J = 8.8Hz, Ar-H), 6.54 (2H, d, J = 8.8Hz, Ar-H), 6.75 
(2H, s, CH=CH), 7.25 – 7.31 (8H, m, Ar-H); δC(CDCl3) 57.3 (CH), 114.6, 127.1, 128.7, 128.9, 
130.3, 130.8., 131.2 (CH, Ar), 134.4, 135.0, 140.9, 153.9 (quat. Ar); HRMS: m/z 284.12089 
H
OH
H
OH
1:1
H
OH
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(M+, 100%), 283.11111 (22.65, C21H15O), 269.09691 (4.17, C20H13O), 265.10103 (6.82, 
C21H13), 191.08721 (31.39, C15H11), 189.07030 (14.00, C15H9); C21H16O requires M+, 
284.12012. 
 
3.3.2.2 Reaction with lithium phenylacetylide 
 
General method 
 
To a solution of 1.5 equivalents of phenylacetylene (0.32 g, 3.1 mmol) in anhydrous THF, 10 
equivalents of solid lithium amide (0.47 g, 0.021 mol) was added. After refluxing for 2 hours, 
the ketone (0.5g, 2.1 mmol) dissolved in THF was added and the reaction mixture refluxed 
overnight. The cooled reaction mixture was quenched with aqueous NH4Cl and extracted with 
diethyl ether. The organic extracts were combined and the solvent removed in vacuo. The 
gummy residue was subjected to preparative chromatography using 1:1 
dichloromethane/hexane as eluent. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (0.50 g, 1.76 mmol) gave 
5-(4-phenylethynyl-phenyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-
ol (3.5) (0.40 g, 60 %), m.p. 148.6-150.7°C,  νmax(CHCl3)/cm-1 3602.7 (OH), 
3065.0, 3010.9, 2945.9 (CH), 2893.3 (acetylene), 1596.9, 1506.6, 1482.9, 
1442.6, 1314.6, 1215.3, 1157.4, 1110.5, 1009.9, 909.1, 839.9; δH(CDCl3) 2.43 
(1H, s, OH), 2.71-2.82 (2H, m, CH2CH2), 2.88-3.0 (2H, m, CH2CH2), 7.05 (2H, 
d, J = 8.5Hz, Ar-H), 7.13 (2H, d, J1 = 1.4 and J2 = 7.3Hz, Ar-H), 7.25-7.40 (7H, m, Ar-H), 7.44 
(2H, d, J = 8.5Hz, Ar-H), 7.54 (2H, m, Ar-H), 8.10 (2H, dd, J1 = 1.6 and J2 = 7.7Hz, Ar-H); 
δC(CDCl3) 32.8 (CH2CH2), 79.6 (C-OH), 89.4, 90.4 (acetylene C), 123.1, 123.5 (quat. Ar), 
125.9, 126.4, 127.1, 128.2, 128.8, 128.8, 131.1, 132.1, 132.3 (CH, Ar), 138.1, 143.6, 148.8 
(quat. Ar); HRMS: m/z 386.16596 (M+, 20.24%), 344.14959 (19.64, C27H20), 314.13813 (28.61, 
C25H14), 279.15932 (8.94, C21H11O), 256.24779 (29.13, C20H16), 207.07905 (21.44, C15H11O), 
178.07773 (58.74, C14H10), 149.02258 (31.64, C12H5), 129.09395 (18.12, C9H5O), 69.06956 
(100, C4H5O), 43.04863 (73.60, C2H3O); C29H22O requires M+, 386.16707. 
 
4-(6H-Dibenzo[b,e]oxepin-11-ylidene)cyclohexa-2,5-dienone (2.21) (0.50 g, 1.59 mmol), gave 
11-(4-phenylethynyl-phenyl)-6,11-dihydrodibenzo[b,e]oxepin-11-ol (3.6) 
(0.18 g, 30%) as a yellow gum, νmax(CHCl3)/cm-1  3603.2 (OH), 3068.0, 3012.0 
and 2896.5 (CH), 2219.7 (acetylene), 1603.2, 1508.7, 1482.5, 1442.5, 1298.5, 
1279.5, 1228.7, 1015.0, 912.8 and 840.5; δH(CDCl3) 2.72 (1H, s, OH), 4.81 
(1H, d, J = 14.3Hz, OCH2), 5.15 (1H, d, J = 14.2, OCH2), 7.0 (1H, dd, J1 = 1.2 
O
HO
HO
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and J2 = 8.0Hz, Ar-H), 7.1-7.2 (4H, m, Ar-H), 7.3-7.4 (5H, m, Ar-H), 7.47 (3H, d, J = 8.4Hz, Ar-
H), 7.58 (2H, dd, J1 = 2.3 and J2 = 6.7Hz, Ar-H), 7.95 (1H, dd, J1 = 1.7 and J2 = 7.9Hz, Ar-H), 
8.1 (1H, dd, J1 = 1.1 and J2 = 7.8Hz, Ar-H); δC(CDCl3) 72.1 (OCH2), 78.8 (C-OH), 89.5, 90.4 
(acetylene C), 121.6, 123.0, 123.2 (CH, Ar), 123.6 (quat. Ar), 125.8, 127.1, 127.2, 128.4, 
128.5, 128.5, 128.8, 130.0, 132.1, 132.2 (CH, Ar), 132.6, 134.1, 135.3, 144.0, 148.0, 155.2 
(quat. Ar); HRMS: m/z 388.14560 (M+, 59.00%), 370.14383 (11.71, C28H18O), 332.14245 
(18.62, C26H20), 265.10235 (12.15, C21H13), 225.09078 (88.58, C15H13O2), 210.09085 (100, 
C14H10O2), 181.11386 (28.34, C13H9O), 165.0361 (32.65, C13H9), 105.04211 (9.01, C7H5O), 
91.02075 (13.96, C7H7), 57.08866 (13.04, C2HO2); C28H20O2 requires M+, 388.14633. 
 
3.3.2.3 Grignard reactions 
 
General method 
 
A portion of a solution of aryl halide (1.5 equivalents) in anhydrous THF was added to 
magnesium turnings (1.55 equivalents) covered in anhydrous THF (1 cm3). A crystal of iodine 
was added to the reaction flask and the reaction initiated by warming, whereupon the 
remainder of the aryl halide was added dropwise to the reaction mixture at such a rate as to 
maintain gentle refluxing of the solution. After 3 hours, a solution of dienone 2.24 (0.5g, 1.75 
mmol, 1 equivalent) in anhydrous THF was added slowly and the reaction mixture then heated 
under reflux for 17h. The cooled mixture was poured into aqueous NH4Cl solution and 
extracted with CH2Cl2. The organic layer was washed with water, dried (Na2SO4) and the 
excess solvent removed in vacuo. The crude solid product was subjected to TLC (1:1 hexane: 
CH2Cl2) to give the reaction products. 
 
Bromobenzene (0.41g, 2.64 mmol) in anhydrous THF, magnesium turnings (0.1 g, 2.72 
g.atom) and 4-(dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone 
(2.24) (0.5 g, 1.76 mmol) afforded 5-(biphenyl-4-yl)-10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-5-ol (3.8) (0.48 g, 76%), m.p. 140.8-142.8°C,  
νmax(CHCl3)/cm-1 3601.3 and 3406.9 (OH), 3062.8, 3006.0, 2940.3, 2890.1 
(CH), 1600.0 (Ar), 1508.9, 1484.5, 1455.4, 1398.6, 1312.3, 1156.1, 1110.3, 1008.2, 912.1, 
843.6, 753.8, 697.5; δH(CDCl3) 2.44 (1H, s, OH), 2.79 (2H, m, CH2CH2), 3.01 (2H, m, CH2CH2), 
7.13 (2H, d, J1 = 1.8 and J2 = 7.5Hz, Ar-H), 7.16 (2H, d, J1 = 1.8 and J2 = 7.5Hz, Ar-H), 7.31 
(5H, m, Ar-H), 7.48 (4H, m, Ar-H), 7.58 (2H, d, J = 8.4Hz, Ar-H), 8.14 (2H, dd, J1 = 1.7 and J2 = 
7.5Hz, Ar-H); δC(CDCl3) 32.9 (CH2CH2), 79.6 (C-OH), 126.0, 126.4, 127.4, 127.5, 127.8, 127.9, 
128.1, 129.2, 131.0 (CH, Ar), 138.3, 140.8, 140.9, 143.9, 147.9 (quat. Ar); HRMS: m/z 
362.167114 (M+, 39.29%), 271.1249 (8.82, C20H15O), 209.1103 (45.80, C15H13O), 181.0921 
(100, C14H13), 180.1044 (46.04, C14H12), 165.0805 (23.03, C13H9), 152.0713 (24.30, C12H8), 
HO
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131.0573 (10.25, C9H7O), 103.0611 (18.22, C8H7), 91.0604 (16.79, C7H7); C27H22O requires 
M+, 362.167065. 
 
5-(Biphenyl-4-yl)-5H-dibenzo[a,d]cycloheptene (3.9) (0.20 g, 33 %), m.p. 161.0-162.8°C, 
was also isolated from the reaction mixture; νmax(CHCl3)/cm-1 3019.7 (CH), 
1600.2, 1525.4, 1488.3, 1453.0, 1051.6, 933.1, 630.3; δH(CDCl3) 5.46 (1H, s, 
CH), 6.75 (2H, d, J = 8.0Hz, Ar-H), 6.82 (2H, s, CH=CH), 7.30-7.60 (15H, m, Ar-
H); δC(CDCl3) 57.8 (CH), 126.5, 127.3, 127.3, 127.4, 127.9, 129.0, 129.1, 130.3, 
130.9, 131.4 (CH, Ar), 135.2, 139.1, 140.7, 141.3, 141.5 (quat. Ar); HRMS: m/z 344.156498 
(M+, 100%), 191 (45, C15H11), 189 (21, C15H9), 165 (23, C13H9), 152 (20, C12H8), 77 (10.5, 
C6H5); C27H20 requires M+, 344.156501. 
 
p-Bromoanisole (0.49 g, 2.64 mmol) in anhydrous THF, magnesium turnings (0.1 g, 2.72 
g.atom) and 4-(dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone 
(2.24) (0.5 g, 1.76 mmol) afforded 5-(4’-methoxybiphenyl-4-yl)-10,11-
dihydro-5H-dibenzo[a,d]cyclohepten-5-ol (3.10) (0.34 g, 50%), as a light-
brown gum,  νmax(CHCl3)/cm-1 3601.8 and 3401.7 (OH), 3065.0, 2940.3 
(CH), 2837.6 (OCH3), 1608.3, 1495.3, 1455.9, 1292.2, 1250.0. 1177.8, 
1111.0, 1041.6, 1013.6, 911.7, 826.6; δH(CDCl3) 2.52 (1H, s, OH), 2.80 (2H, m, CH2CH2), 3.01 
(2H, m, CH2CH2), 3.87 (3H, s, OCH3), 6.99 (2H, d, J = 8.8Hz, Ar-H), 7.11 (2H, d, J = 8.4Hz, Ar-
H), 7.16 (2H, d, J = 7.9Hz, Ar-H), 7.29 (2H, t, J1 = 1.5 and J2 = 7.3Hz, Ar-H), 7.36 (2H, t, J1 = 
1.5 and J2 = 7.3Hz, Ar-H), 7.46 (2H, d, J = 8.4Hz, Ar-H), 7.54 (2H, d, J = 6.9Hz, Ar-H), 8.15 
(2H, d, J1 = 1.6 and J2 = 7.7Hz, Ar-H); δC(CDCl3) 32.9 (CH2CH2), 55.8 (OCH3), 114.7, 126.1, 
126.4, 127.3, 127.5, 128.1, 128.5, 131.0 (CH, Ar), 133.4, 138.3, 140.5, 143.9, 147.3, 159.7 
(quat. Ar); HRMS: m/z 392.177668 (M+, 97.13%), 301.0963 (13.76, C21H17O2), 284.1008 
(24.40, C21H16O), 211.0584 (100, C15H15O), 208.0725 (77.50, C15H12O), 192.0763 (64.73, 
C15H12), 191.0670 (47.35, C15H11), 165.0554 (46.23, C13H9), 152.0491 (24.09, C12H8), 139.0373 
(30.76, C11H7), 91.0462 (35.32, C7H7); C28H24O2 requires M+, 392.177630. 
 
5-(4’-Methoxybiphenyl-4-yl)-10,11-dihydro-5H-dibenzo[a,d]cycloheptene (3.11) (0.08 g, 
12%) was also isolated from the reaction mixture; m.p. 123.8-126.0°C,  
νmax(CHCl3)/cm-1 3062.7, 3009.3, 2936.8 (CH), 2837.5 (OCH3), 1608.0, 1581.0, 
1524.5, 1497.0, 1464.9, 1442.5, 1291.9, 1249.3, 1111.4, 1042.3, 1001.7, 
835.4, 806.2; δH(CDCl3) 2.81 (2H, m, CH2CH2), 3.21 (2H, m, CH2CH2), 3.89 
(3H, s, OCH3), 5.32 (1H, s, CH), 7.12 (4H, d, J = 7.9Hz, Ar-H), 7.30 (6H, m, Ar-
H), 7.44 (4H, m, Ar-H), 7.54 (2H, d, J1 = 2.0 and J2 = 6.8Hz, Ar-H); δC(CDCl3) 32.8 (CH2CH2), 
55.8 (OCH3), 58.5 (CH), 114.5, 126.6, 126.8, 127.8, 128.1, 128.4, 131.3, 131.9 (CH, Ar), 
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133.8, 138.6, 140.4, 140.7, 144.5, 159.4 (quat. Ar); HRMS: m/z 376.182722 (M+, 68.73%), 
299.1195 (5.69, C22H19O), 192.0784 (100, C15H12), 191.0725 (25.64, C15H11), 178.0686 (11.96, 
C14H10), 165.0614 (7.70, C13H9), 152.0559 (5.09, C12H8), 115.0501 (11.48, C9H7), 91.0511 
(6.67, C7H7); C28H24O requires M+, 376.182716. 
 
1-Bromomesitylene (0.53 g, 2.64 mmol) in anhydrous THF, magnesium turnings (0.1 g,  2.72 
g.atom) and 4-(dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) 
(0.5 g, 1.76 mmol) afforded 5-(2’,4’,6’-trimethylbiphenyl-4-yl)-10,11-dihydro-
5H-dibenzo[a,d]cyclohepten-5-ol (3.12) (0.39 g, 55%), m.p. 200.4-202.3°C,  
νmax(CHCl3)/cm-1 3603.5 and 3408.7 (OH), 3069.3, 3008.2, 2920.9 (CH), 1611.9, 
1479.9, 1455.7, 1309.8, 1217.5, 1156.1, 1110.8, 1005.7, 911.4, 842.1, 784.0, 658.0; δH(CDCl3) 
2.0 (6H, s, CH3), 2.35 (3H, s, CH3), 2.51 (1H, s, OH), 2.80 (2H, m, CH2CH2), 2.98 (2H, m, 
CH2CH2), 6.96 (2H, s, Ar-H), 7.05 (2H, dd, J1 = 2.1 and J2 = 6.3Hz, Ar-H), 7.10 (2H, dd, J1 = 
2.1 and J2 = 6.3Hz, Ar-H), 7.16 (2H, dd, J1 = 1.3 and J2 = 7.3Hz, Ar-H), 7.51 (4H, m, Ar-H), 
8.15 (2H, dd, J1 = 1.6 and J2 = 7.7Hz, Ar-H); δC(CDCl3) 21.2 and 21.4 (CH3), 32.9 (CH2CH2), 
79.7 (C-OH), 125.9, 126.4, 127.1, 128.0, 128.5, 130.0, 131.0 (CH, Ar), 136.3, 137.1, 138.2, 
138.8, 140.9, 144.0, 147.1 (quat. Ar); HRMS: m/z 404.214022 (M+, 100%), 386.1752 (11.40, 
C30H26), 313.1518 (12.25, C23H21O), 223.1103 (94.63, C16H15O), 209.0955 (79.42, C15H13O), 
181.1005 (79.63, C15H13O), 181.1005 (79.63, C14H13), 180.0921 (95.51, C14H12), 165.0702 
(50.17, C13H9), 152.0648 (9.93, C12H8), 131.0503 (17.65, C9H7O), 103.0556 (30.56, C8H7), 
91.0570 (28.16, C7H7); C30H28O requires M+, 404.214016. 
 
1-Bromo-4-chlorobenzene (0.50 g, 2.64 mmol) in anhydrous THF, magnesium turnings (0.1 g,  
2.72 g.atom) and 4-(dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-
dienone (2.24) (0.5 g, 1.76 mmol) afforded 5-(4’-chlorobiphenyl-4-yl)-10,11-
dihydro-5H-dibenzo[a,d]cyclohepten-5-ol (3.13) (0.39 g, 56%), m.p. 122.3-
123.9°C,  νmax(CHCl3)/cm-1 3603.1 and 3405.9 (OH), 3009.6 (CH), 1485.5, 
1455.8, 1390.1, 1311.2, 1206.6, 1155.9, 1094.6, 1005.5, 912.0, 822.0; 
δH(CDCl3) 2.41 (1H, s, OH), 2.80 (2H, m, CH2CH2), 2.99 (2H, m, CH2CH2), 7.11 (2H, dd, J1 = 
1.4 and J2 = 8.0Hz, Ar-H), 7.13 (2H, dd, J1 = 1.4 and J2 = 8.0Hz, Ar-H), 7.36-7.52 (11H, m, Ar-
H), 8.11 (2H, dd, J1 = 1.7 and J2 = 7.7Hz, Ar-H); δC(CDCl3) 32.9 (CH2CH2), 79.6 (C-OH), 125.9, 
126.4, 127.5, 127.6, 128.1, 128.7, 129.4, 131.0 (CH, Ar-H), 133.9, 138.2, 139.3, 139.7, 143.8, 
148.3 (quat. Ar); HRMS: m/z 398.1302 (15.97, C27H2137ClO), 396.128115 (M+ (C27H2135ClO), 
48.95%), 378.1143 (5.39, C27H1935Cl), 305.0717 (6.65, C20H1435ClO), 285.1219 (7.01, C21H17O), 
217.0283 (10.81, C13H837ClO), 215.0355 (41.39, C13H835ClO), 209.1027 (79.84, C15H13O), 
208.0960 (47.35, C15H12O), 181.1050 (100, C14H13), 165.0755 (40.80, C13H9), 152.0650 (72.56, 
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C12H8), 131.0504 (12.55, C9H7O), 103.0578 (22.55, C8H7), 91.0567 (26.69, C7H7); C27H2135ClO 
requires M+, 396.128093. 
 
p-Bromo-4-trifluoromethylbenzene (0.59 g, 2.64 mmol) in anhydrous THF, magnesium turnings 
(0.1 g,  2.72 g.atom) and 4-(dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-
dienone (2.24) (0.5 g, 1.76 mmol) afforded 5-(4’-benzotrifluorobiphenyl-4-yl)-
10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ol (3.14) (0.37 g, 50%), as a 
light-yellow gum, νmax(CHCl3)/cm-1 3602.3 and 3397.9 (OH), 3068.8, 3011.3, 
2942.0 (CH), 1618.1 (Ar), 1482.8, 1455.7, 1394.0, 1324.5, 1266.0, 1168.7, 
1128.1, 1070.9, 1006.5, 911.5, 829.6;  δH(CDCl3) 2.56 (1H, s, OH), 2.81 (2H, m, CH2CH2), 3.11 
(2H, m, CH2CH2), 7.19 (4H, dd, J1 = 2.1 and J2 = 7.5Hz, Ar-H), 7.32 (2H, t, J1 = 1.6 and J2 = 
8.2Hz, Ar-H), 7.38 (2H, t, J1 = 1.6 and J2 = 8.2Hz, Ar-H), 7.52 (2H, d, J = 8.4Hz, Ar-H), 7.73 
(4H, d, J = 8.6Hz, Ar-H), 8.17 (2H, dd, J1 = 1.6, J2 = 7.6Hz, Ar-H); δC(CDCl3) 33.0 (CH2CH2), 
79.6 (C-OH), 126.1, 126.12, 126.2, 126.5, 127.7, 127.8, 127.9, 128.2, 131.1 (CH, Ar), 138.3, 
139.4, 143.7, 144.3, 148.9 (quat. Ar); HRMS: m/z 430.154488 (M+, 50.88%), 411.1257 (5.28, 
C28H21F2O), 339.0872 (6.75, C21H14F3O), 249.0473 (18.42, C14H8F3O), 209.0944 (63.50, 
C15H13O), 208.0852 (33.89, C15H12O), 181.0991 (100, C14H13), 180.0907 (49.70, C14H12), 
165.0731 (16.35, C13H9), 152.0642 (10.57, C12H8), 131.0522 (6.47, C9H7O), 91.0561 (13.17, 
C7H7), 83.9532 (45.70, C2H3F3); C28H21F3O requires M+, 430.154450. 
 
Bromonaphthalene (0.54 g, 2.64 mmol) in anhydrous THF, magnesium turnings (0.1 g,  2.72 
g.atom) and 4-(dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone 
(2.24) (0.5 g, 1.76 mmol) afforded 5-(4-naphthalen-1-yl-phenyl)-10,11-
dihydro-5H-dibenzo[a,d]cyclohepten-5-ol (3.15) (0.52 g, 73%), m.p. 190.0-
192.2°C,  νmax(CHCl3)/cm-1 3601.6 and 3401.8 (OH), 3061.9, 3009.5, 2942.3, 
2894.5 (CH), 1592.2, 1501.9, 1481.0, 1455.6, 1396.2, 1313.1, 1224.1, 1155.8, 1110.6, 1010.1, 
964.0, 911.4, 848.0, 802.7 ; δH(CDCl3) 2.53 (1H, s, OH), 3.87 (2H, m, CH2CH2), 3.10 (2H, m, 
CH2CH2), 7.18 (4H, d, J = 7.3Hz, Ar-H), 7.27-7.58 (10H, m, Ar-H), 7.90 (3H, m, Ar-H), 8.18 
(2H, dd, J1 = 1.6 and J2 = 7.7Hz, Ar-H); δC(CDCl3) 33.0 (CH2CH2), 79.8 (C-OH), 125.8, 126.1, 
126.2, 126.3, 126.4, 126.5, 126.9, 127.4, 128.1, 128.2, 128.7, 130.8, 131.1 (CH, Ar), 131.9, 
134.2, 138.3, 140.0, 140.6, 143.9, 147.1 (quat. Ar); HRMS: m/z 412.182763 (M+, 100%), 
231.0768 (51.76, C17H11O), 209.0932 (55.64, C15H13O), 202.0833 (37.63, C16H10), 181.0979 
(55.68, C14H13), 180.0898 (29.65, C14H12), 165.0716 (15.02, C13H9), 131.0549 (7.45, C9H7O), 
103.0578 (11.63, C8H7), 91.0565 (16.07, C7H7); C31H24O requires M+, 412.182716. 
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5-(4-Naphthalen-1-yl-phenyl)-5H-dibenzo[a,d]cycloheptene (3.16) (0.11 g, 16 %), was also 
isolated from the reaction mixture; m.p. 189.5-191.6°C, νmax(CHCl3)/cm-1 
3061.8 and 3009.4 (CH), 1592.4, 1502.7, 1434.4, 1395.7, 1304.3, 1225.2, 
1158.1, 1116.6, 1021.3, 964.4, 947.9, 869.2, 804.3, 774.6; δH(CDCl3) 5.57 
(1H, s, CH), 6.75 (2H, d, J = 7.8Hz, Ar-H), 6.85 (2H, s, CH=CH), 7.22 (2H, d, 
J = 8.2Hz, Ar-H), 7.36-7.50 (9H, m, Ar-H), 7.57 (2H, d, J = 7.1Hz, Ar-H), 7.88 (4H, m, Ar-H); 
δC(CDCl3) 57.9 (CH), 125.8, 126.1, 126.3, 126.5, 127.2, 127.3, 127.4, 127.8, 128.6, 129.0, 
129.4, 130.3, 130.9, 131.4 (CH, Ar), 131.9, 134.1, 135.2, 138.5, 140.5, 140.7, 141.3 (quat. Ar); 
HRMS: m/z 394.172204 (M+, 70.40%), 304.0565 (72.26, C24H16), 271.0886 (47.54, C21H19), 
254.0806 (100, C20H14), 253.0738 (68.29, C20H13), 210.0383 (24.46, C16H18), 195.0647 (27.50, 
C15H15), 178.0670 (35.15, C14H10), 128.0502 (49.64, C10H8); C31H22 requires M+, 394.172151. 
 
1-Bromo-4-methoxynaphthalene (0.63 g, 2.64 mmol) in anhydrous THF, magnesium turnings 
(0.1 g,  2.72 g.atom) and 4-(dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-
dienone (2.24) (0.5 g, 1.76 mmol) afforded 5-[4-(4-methoxynaphthalen-1-yl)-
phenyl]-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ol (3.17) (0.57 g, 
74%), m.p. 173.5-174.6°C, νmax(CHCl3)/cm-1 3602.3, 3404.3 (OH), 3071.0, 
3009.7, 2939.0 (CH), 1548.3, 1513.6, 1461.9, 1390.1, 1326.0, 1296.1, 1237.0, 1207.8, 1159.7, 
1108.0, 1082.1, 1009.6, 911.4, 846.5, 819.2, 781.3; δH(CDCl3) 2.52 (1H, s, OH), 2.82 (2H, m, 
CH2CH2), 3.08 (2H, m, CH2CH2), 4.05 (3H, s, OCH3), 6.93 (1H, d, J = 23.0Hz, Ar-H), 7.17 (4H, 
d, J1 = 8.4 and J2 = 7.5Hz, Ar-H), 7.32 (7H, m, Ar-H), 7.50 (2H, q, J1 = 1.7 and J2 = 6.6Hz, Ar-
H), 7.85 (1H, d, J1 = 0.7 and J2 = 8.1Hz, Ar-H), 8.18 (2H, d, J1 = 1.6 and J2 = 7.7Hz, Ar-H), 8.36 
(1H, J1 = 1.5 and J2 = 8.2Hz, Ar-H); δC(CDCl3) 33.0 (CH2CH2), 55.9 (OCH3), 79.7 (C-OH), 
103.8, 122.7, 125.6, 125.9, 126.1, 126.4, 126.9, 126.9, 127.0, 127.3, 128.1, 130.9, 131.0 (CH, 
Ar), 132.4, 132.7, 138.3, 140.7, 143.9, 147.5, 155.5 (quat. Ar); HRMS: m/z 442.193219 (M+, 
100%), 314.0894 (26.45, C22H18O2), 311.0588 (41.99, C23H19O), 261.0596 (30.47, C18H13O2), 
209.0735 (41.32, C15H13O), 208.0640 (48.42, C15H12O), 179.0662 (37.81, C14H11), 178.0633 
(31.25, C14H10), 165.0564 (22.93, C13H9), 91.0463 (16.28, C7H7); C32H26O2 requires M+, 
442.193280. 
 
2-Bromothiophene (0.43 g, 2.64 mmol) in anhydrous THF, magnesium turnings (0.1 g,  2.72 
g.atom) and 4-(dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone 
(2.24) (0.5 g, 1.76 mmol) afforded 5-(4-thiophen-2-yl-phenyl)-10,11-dihydro-
5H-dibenzo[a,d]cyclohepten-5-ol (3.18) (0.19 g, 30%) as a dark-brown gum,  
νmax(CHCl3)/cm-1 3601.9 and 3388.0 (OH), 3070.0, 3009.4, 2940.7 (CH), 
1606.8, 1496.6, 1482.5, 1455.5, 1430.5, 1310.0, 1156.3, 1110.6, 1009.1, 909.1, 824.2, 700.1; 
δH(CDCl3) 2.49 (1H, s, OH), 2.82 (2H, m, CH2CH2), 3.0 (2H, m, CH2CH2), 7.08 (3H, m, Ar-H), 
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7.15 (2H, d, J = 8.7Hz, Ar-H), 7.25-7.38 (6H, m, Ar-H), 7.52 (2H, d, J = 8.5Hz, Ar-H), 8.13 (2H, 
dd, J1 = 1.6 and J2 = 7.7Hz, Ar-H); δC(CDCl3) 32.9 (CH2CH2), 79.6 (C-OH), 123.8, 125.5, 
126.0, 126.4, 126.5, 127.7, 128.1, 128.5, 131.1 (CH, Ar), 134.2, 138.2, 143.8, 144.1, 148.0 
(quat. Ar); HRMS: m/z 368.123428 (M+, 100%), 286.1228 (20.56, C21H18O), 284.1069 (54.72, 
C21H16O), 209.0921 (42.51, C15H13O), 208.0840 (47.09, C15H12O), 192.0879 (49.93, C15H12), 
187.0182 (39.70, C11H7SO), 181.0972 (28.64, C14H13), 180.0893 (24.68, C14H12), 165.0707 
(15.90, C13H9), 131.0512 (6.56, C9H7O), 115.0571 (14.72, C9H7), 91.0560 (11.39, C7H7), 
83.9525 (95.14, C4H4S); C25H20SO requires M+, 368.123487. 
 
p-Bromoanisole (0.50 g, 2.64 mmol) in anhydrous THF, magnesium turnings (0.1 g,  2.72 
g.atom) and 4-(dibenzo[a,d]cycloheptan-5-ylidene)-4H-naphthalen-1-one (2.26) 
(0.5 g, 1.50 mmol) afforded 5-(4-(4-methoxy-phenyl)-naphthalen-1-yl)-5H-
dibenzo[a,d]cyclohepten-5-ol (3.19) (0.40g, 60%), m.p. 183.9-185.2°C,  
νmax(CHCl3)/cm-1 3600.3 (OH), 3085.3, 3011.3, 2960.0 (CH), 2838.1 (OCH3), 
1608.5, 1508.1, 1464.8, 1384.0, 1282.3, 1244.8, 1175.4, 1112.9, 1034.6, 1005.4, 
942.6, 832.3; δH(CDCl3) 3.11 (1H, s, OH), 3.88 (3H, s, OCH3), 6.75 (2H, s, CH=CH), 6.92 (1H, 
d,  J = 7.7Hz, Ar-H), 7.02 (2H, d, J = 8.8Hz, Ar-H), 7.08 (1H, d, J = 5.0Hz, Ar-H), 7.15 (1H, t, J1 
= 1.3 and J2 = 7.6Hz, Ar-H), 7.26 (1H, t, J1 = 1.1 and J2 = 7.9Hz, Ar-H), 7.3-7.41 (6H, m, Ar-H), 
7.64 (2H, t, J1 = 1.1 and J2 = 7.1Hz, Ar-H), 7.83 (1H, d, J = 8.6Hz, Ar-H), 7.93 (1H, d, J = 
8.1Hz, Ar-H), 8.48 (2H, d, J = 8.0Hz, Ar-H); δC(CDCl3) 55.8 (OCH3), 80.2 (C-OH), 114.2, 124.3, 
125.237, 125.5, 125.6, 126.0, 126.7, 126.8, 127.4, 128.9, 128.9, 131.6, (CH, Ar), 131.9, 133.5, 
133.6, 133.7, 138.3, 141.3, 143.8, 159.3, 169.8 (quat. Ar); HRMS: m/z 440.177803 (M+, 
100%), 425.186684 (6.11, C31H21O2), 331.102974 (9.08, C25H15O), 261.093895 (33.04, 
C18H13O2), 207.076557 (28.21, C15H11O), 189.067173 (32.24, C15H9), 178.076900 (56.02, 
C14H10), 152.065735 (10.98, C12H8), 69.072287 (12.10, C4H5O); C32H24O2 requires M+, 
440.177630. 
 
3.3.3. Attempted ketalization reactions 
 
General method 
 
To the dienone (3.52 mmol) dissolved in dry, toluene (100 cm3) was added the alcohol or diol 
(2 equivalents) and a catalytic amount of p-toluene-sulfonic acid. The reaction mixture was 
refluxed (using a Dean-Stark apparatus to azeotropically distill water) for between 4 and 17 
hours. After cooling, the organic layer was washed successively with aqueous Na2CO3 and 
water and the aqueous phase extracted with ether. The organic extracts were combined and 
dried over Na2SO4 and the solvent removed in vacuo. The products were separated on 
preparative TLC using a 1:1 mixture of hexane and dichloromethane as eluent. 
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The products are given in Table 3.5 and are characterized as follows: 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and 
methanol afforded 5-(4-methoxyphenyl)-5H-dibenzo[a,d]cyclohepten-5-yl 
(3.20) (0.84 g, 80%), m.p. 148.8-150.9°C, νmax(CHCl3)/cm-1 3068.8, 2955.2 (CH), 
2836.9 (OCH3), 1606.3, 1581.4, 1509.5, 1463.5, 1438.8, 1291.4, 1250.5, 1180.9, 
1119.1, 1036.3, 895.8, 861.5; δH(CDCl3) 3.72 (3H, s, -OCH3), 5.35 (1H, s, CH), 
6.53 (2H, d, J = 8.5Hz, Ar-H), 6.63 (2H, dd, J1 = 2.0 and J2 = 6.8Hz, Ar-H), 6.76 (2H, s, 
CH=CH), 7.28-7.31 (8H, m, Ar-H); δC(CDCl3) 55.5 (OCH3), 57.3 (CH), 113.1, 127.1, 128.5, 
128.9, 130.23, 130.8, 131.2 (CH, Ar), 134.3, 135.1, 141.0, 158.0 (quat. Ar); HRMS: m/z 
298.135708 (M+, 100%), 283 (9, C21H15O), 267 (14, C21H15), 252 (15, C20H12), 191 (24, C15H11), 
178 (35, C14H10); C22H18O requires M+, 298.135765. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and 
ethanol afforded 5-(4-ethoxy-phenyl)-5H-dibenzo[a,d]cyclohepten-5-yl 
(3.21) (0.85g, 78%), m.p. 121.3-122.5°C, νmax(CHCl3)/cm-1 3070.8, 3011.0, 
2984.2, 2930.7 (CH), 2884.5 (OCH2CH3), 1609.4 (Ar), 1580.7, 1508.8, 
1478.5, 1436.6, 1393.1, 1303.9, 1244.9, 1181.4, 1116.1,  1048.3, 923.4, 
896.5, 802.3; δH(CDCl3) 1.38 (3H, t, J = 6.98Hz, -CH2CH3), 3.95 (2H, q, J = 6.99Hz, -
OCH2CH3), 5.35 (1H, s, -CH), 6.52 (2H, d, J = 8.9Hz, Ar-H), 6.62 (2H, d, J = 8.9Hz, Ar-H), 6.77 
(2H, s, CH=CH), 7.30-7.53 (8H, m, Ar-H); δC(CDCl3) 15.3 (OCH2CH3), 57.3 (CH), 63.6 
(OCH2CH3), 113.6, 127.1, 128.5, 128.9, 130.3, 130.8, 131.2 (CH, Ar), 134.1, 135.1, 141.0, 
157.4 (quat. Ar); HRMS: m/z 312.151453 (M+, 100%), 283 (12, C21H15O), 252 (8, C20H12), 191 
(33, C15H11), 165 (7, C13H9); C23H20O requires M+ 312.151415. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and 
propan-1-ol afforded 5-(4-propyloxyphenyl)-5H-dibenzo[a,d]cyclohepten-5-
yl (3.22) (1.13 g, 99%), m.p. 96.5-97.5°C, νmax(CHCl3)/cm-1 3011.1, 2966.1, 
2879.5 (CH), 1608.7, 1500.3, 1472.4, 1244.3, 1180.5, 1120.1, 979.7, 800.5; 
δH(CDCl3) 0.99 (3H, t, J = 7.5Hz, -OCH2CH2CH3), 1.75 (2H, sextuplet, J = 7.3Hz, -
OCH2CH2CH3), 3.82 (2H, t, J = 6.6Hz, OCH2CH2CH3), 5.34 (1H, s, CH), 6.51 (2H, d, J = 8.9Hz, 
Ar-H), 6.62 (2H, d, J = 8.9Hz, Ar-H), 6.75 (2H, s, CH=CH), 7.28-7.54 (8H, m, Ar-H); δC(CDCl3) 
10.9 (-CH3), 22.9 (-OCH2CH2CH3), 57.3 (CH), 69.7 (OCH2-), 113.6, 127.1, 128.4, 128.9, 130.2, 
130.7, 131.2 (CH, Ar), 133.9, 135.9, 141.0, 157.6 (quat. Ar); HRMS: m/z 326.167092 (M+, 
100%), 284 (24, C21H16O), 283 (31, C21H15O), 265 (11, C21H13), 252 (13, C20H12), 239 (14, 
C19H11), 191 (56, C15H11), 189 (30, C15H9), 178 (14, C14H10), 165 (17, C13H9), 43 (44, C3H7); 
C24H22O requires M+, 326.167065. 
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4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and 
hexan-1-ol afforded 5-(4-hexyloxyphenyl)-5H-dibenzo[a,d]cyclohepten-
5-yl (3.23) (0.84 g, 65%), m.p. 71.6-72.9°C,  νmax(CHCl3)/cm-1 3068.6, 
3016.5, 2931.8, 2860.2 (CH), 1608.4, 1579.5, 1508.8, 1469.9, 1289.3, 
1244.3, 1180.3, 1120.1, 1013.3, 895.9; δH(CDCl3) 0.93 (3H, t, J = 6.8Hz, -CH2CH3), 1.31-1.50 
(6H, m, -CH2-), 1.75 (2H, q, J = 6.6Hz, ArOCH2CH2-),  3.87 (2H, t, J = 6.6Hz, ArOCH2-), 5.37 
(1H, s, CH), 6.54 (2H, d, J1 = 0.8 and J2 = 8.5Hz, Ar-H), 6.65 (2H, d, J = 9.4Hz, Ar-H), 6.79 
(2H, s, CH=CH), 7.32-7.52 (8H, m, Ar-H); δC(CDCl3) 14.5 (CH3), 23.0, 26.2, 29.7, 32.0, 68.2 
(CH2), 57.4 (CH), 113.6, 127.1, 128.5, 128.9, 130.3, 130.8, 131.3 (CH, Ar), 134.0, 135.1, 
141.1, 157.7 (quat. Ar); HRMS: m/z 368.21441 (M+, 100%), 340 (2, C25H24O), 284 (25, 
C21H16O), 283 (17, C21H15O), 267 (5, C21H15), 265 (4, C21H13), 191 (28, C15H11), 178 (5, C14H10), 
165 (2, C13H9), 57 (6, C4H9); C27H28O requires M+, 368.21402. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and 
nonan-1-ol afforded 5-(4-nonyloxyphenyl)-5H-dibenzo[a,d]cyclohepten-5-yl (3.24) (0.86 g, 
60%), m.p. 65.4-66.6°C, νmax(CHCl3)/cm-1 2927.9, 2856.0, 1608.1, 
1579.4, 1508.3, 1469.7, 1289.3, 1247.0, 1128.7, 1180.3, 1012.4; 
δH(CDCl3) 0.94 (3H, t, J = 6.4Hz, -CH3), 1.20-1.50 (12H, m, -CH2-), 1.76 
(2H, q, J = 6.7Hz, -OCH2CH2-), 3.88 (2H, t, J = 6.6Hz, ArOCH2-), 5.38 
(1H, s, CH), 6.55 (2H, d, J = 8.2Hz, Ar-H), 6.65 (2H, dd, J1 = 2.0 and J2 = 7.9Hz, Ar-H), 6.79 
(2H, s, CH=CH), 7.38-7.50 (8H, m, Ar-H); δC(CDCl3) 14.6 (CH3), 23.1, 26.5, 29.7, 29.8, 29.8, 
29.9, 32.3, 57.390 (CH), 68.2 (-CH2-),113.7, 127.1, 128.5, 128.9, 130.3, 130.8, 131.3 (CH, Ar), 
134.0, 135.1, 141.1, 157.7 (quat. Ar); HRMS: m/z 410.261620 (M+, 100%), 284.1416 (66.14, 
C21H16O), 267.1450 (15.51, C21H15), 255.1430 (18.77, C20H15), 191.1028 (69.97, C15H11), 
189.0959 (23.78, C15H9), 178.0990 (19.18, C14H10), 165.0933 (11.43, C13H9), 43.0629 (52.76, 
C2H3O); C30H34O requires M+ 410.260966. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and   
octadecan-1-ol afforded 5-(4-octadecyloxyphenyl)-5H-dibenzo[a,d]cyclohepten-5-yl (3.25) 
(0.94 g, 50%), m.p. 88.9-90.8°C,  νmax(CHCl3)/cm-1 2926.6, 
2854.1 (CH), 1607.5, 1508.2, 1468.1, 1289.5, 1246.3, 
1210.9, 1180.3; δH(CDCl3) 0.91 (3H, t, J = 6.3Hz, -CH2CH3), 
1.28 (30H, m, -CH2-), 1.72 (2H, q, J = 6.8Hz, ArOCH2CH2-), 
3.85 (2H, t, J = 6.6Hz, ArOCH2-), 5.34 (1H, s, CH), 6.50 (2H, d, J = 8.5Hz, Ar-H), 6.60 (2H, dd, 
J1 = 1.9 and J2 = 9.2Hz, Ar-H), 6.76 (2H, s, CH=CH), 7.29-7.51 (8H, m, Ar-H); δC(CDCl3) 14.6 
(CH3), 23.1, 26.5, 29.7, 29.8 (2 × CH2), 29.8 (2 × CH2), 29.9 (2 × CH2), 30.0 (2 × CH2),  30.1 (2 
× CH2),  30.2 (2 × CH2), 32.3 (2 × CH2), 68.2 (-CH2), 57.3 (CH), 113.6, 127.1, 128.4, 128.9, 
130.2, 130.8, 131.2 (CH, Ar), 133.9, 135.1, 141.1, 157.6 (quat. Ar); HRMS: m/z 536.40167 
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(M+, 100%), 508 (3, C37H48O), 284 (13, C21H16O), 283 (8, C21H15O), 191 (15, C15H11), 57 (6, 
C4H9); C39H52O requires M+, 536.40182. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
cyclohexan-1-ol afforded 5-(4-cyclohexyloxy-phenyl)-5H-dibenzo[a,d]cyclohepten-5-yl 
(3.26) (0.91 g, 71%), m.p. 186.9-188.9°C, νmax(CHCl3)/cm-1 3009.5, 2998.3 (CH), 
1607.6, 1505.5, 1453.9, 1240.0, 1177.4, 1048.8, 1021.9, 968.2, 897.3 ; 
δH(CDCl3) 1.27 (2H, t, J = 9.0Hz, -CH2-cyclohexyl), 1.42 (2H, m, -CH2-), 1.56 (2H, 
m, -CH2-), 1.78 (2H, m, -CH2-), 1.98 (2H, m, -CH2-), 4.11 (1H, s, J = 3.6Hz, -CH 
(cyclohexyl)), 5.34 (1H, s, -CH (benzylic)), 6.50 (2H, d, J = 8.2Hz, Ar-H), 6.61 
(2H, d, J = 7.8Hz, Ar-H), 6.76 (2H, s, CH=CH), 7.31-7.55 (8H, m, Ar-H); δC(CDCl3) 24.3, 26.0, 
32.3 (CH2), 57.4 (benzylic CH), 75.7 (cyclohexyl CH), 115.1, 127.1, 128.5, 128.9, 130.2, 130.7, 
131.2 (CH, Ar), 133.9, 135.1, 141.0, 156.3 (quat. Ar); HRMS: m/z 366.198452 (M+, 57%), 284 
(100, C21H16O), 283 (30, C21H15O), 265 (9, C21H13), 252 (11, C20H12), 239 (9, C19H11), 191 (55, 
C15H11), 189 (20, C15H9), 178 (13, C14H10), 165 (11, C13H9); C27H26O requires M+, 366.198360. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
2-methoxyethanol afforded 5-(4-(2-methoxy-ethoxy)-phenyl)-5H-dibenzo[a,d]cycloheptene 
(3.27) (0.60 g, 50%), m.p. 89.9-92.2°C, νmax(CHCl3)/cm-1 3068.6, 3011.1, 
2930.0, 2884.1, 1608.9, 1581.5, 1509.1, 1455.7, 1370.0, 1302.8, 1248.0, 
1181.8, 1125.3, 1066.0, 1034.0, 926.5; δH(CDCl3) 3.44 (3H, s, OCH3), 3.70 
(2H, dd, J1 = 4.9 and J2 = 6.2Hz, ArOCH2CH2OCH3), 4.03 (2H, dd, J1 = 4.9 
and J2 = 6.2Hz, ArOCH2-), 5.36 (1H, s, CH), 6.53 (2H, dd, J1 = 0.8 and J2 = 8.8Hz, Ar-H), 6.66 
(2H, dd, J1 = 2.1 and J2 = 6.7Hz, Ar-H), 6.76 (2H, s, CH=CH), 7.28-7.53 (8H, m, Ar-H); 
δC(CDCl3) 57.3 (CH), 59.6 (OCH3), 67.4, 71.5 (-CH2-), 113.7, 127.1, 128.5, 128.9, 130.3, 
130.8, 131.2 (CH, Ar), 134.5, 135.1, 141.0 and 157.3 (quat. Ar); HRMS: m/z 342.16097 (M+, 
100%), 284 (11, C21H16O), 283 (16, C21H15O), 267 (5, C21H15), 265 (6, C21H13), 252 (4, C20H12), 
239 (3, C19H11), 191 (28, C15H11), 189 (7, C15H9), 178 (4, C14H10); C24H22O2 requires M+, 
342.16198. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
2-(4-nitrophenoxy)-ethanol afforded 5-{4-[2-(4-nitrophenoxy)-ethoxy]-
phenyl}-5H-dibenzo[a,d]cycloheptene (3.28) (0.63 g, 40%), m.p. 150.8-
152.9°C,  νmax(CHCl3)/cm-1 1609.7, 1594.5, 1508.7, 1498.0, 1343.6, 1265.1, 
1244.2, 1173.7, 1112.2, 941.5, 860.1; δH(CDCl3) 4.28 (2H, m, -OCH2-), 4.40 
(2H, m, -OCH2-), 5.34 (1H, s, CH), 6.54 (2H, d, J = 8.8Hz, Ar-H), 6.66 (2H, d, 
J = 8.8Hz, Ar-H), 6.75 (2H, s, CH=CH), 6.98 (2H, d, J = 9.3Hz, Ar-H), 7.26-
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7.53 (8H, m, Ar-H), 8.21 (2H, d, J = 9.3Hz, Ar-H); δC(CDCl3) 57.3 (CH), 66.3, 67.6 (CH2CH2), 
113.7, 114.9, 126.3, 127.2, 128.6, 128.996, 130.3, 130.8, 131.2 (CH, Ar), 135.0, 135.1, 140.9, 
142.1, 156.8, 164.0 (quat. Ar); HRMS: m/z 449.162698 (M+, 100%), 432 (10, C29H22NO3), 284 
(7, C21H16O), 283 (12, C21H15O), 265 (8, C21H13), 252 (10, C20H12), 239 (7, C19H11), 191 (43, 
C15H11), 189 (13, C15H9), 178 (7, C14H10), 165 (6, C13H9); C29H23NO4 requires M+, 449.162708. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (0.50 g, 1.76 mmol) and    
methanol afforded 5-methoxyl-5-(4-methoxy-phenyl)-10,11-dihydro-5H- 
dibenzo[a,d]cycloheptene (3.29) (0.40 g, 70%) as a straw-coloured gum, 
νmax(CHCl3)/cm-1 3066.0, 3007.7, 2940.3 (CH), 2832.9 (OCH3), 1597.1, 1582.7, 
1438.1, 1451.1, 1433.3, 1313.0, 1289.9, 1255.6, 1140.8, 1112.3, 1073.9, 
1052.3, 976.0, 944.3, 883.5, 822.5; δH(CDCl3) 2.82 (2H, m, CH2CH2), 2.95 (2H, m, CH2CH2), 
3.08 (3H, s, OCH3 (benzylic)), 3.79 (3H, s, OCH3), 6.78 (2H, d, J = 14.9Hz, Ar-H), 7.0-7.12 
(4H, m, Ar-H), 7.18 (2H, t, J1 = 1.5 and J2 = 7.2Hz, Ar-H), 7.25 (2H, t, J1 = 1.5 and J2 = 7.7Hz, 
Ar-H), 7.82 (2H, dd, J1 = 1.5 and J2 = 7.8Hz, Ar-H); δC(CDCl3) 33.853 (CH2CH2), 53.028 
(OCH3), 55.570 (OCH3), 85.665 (C-OCH3), 113.495 (CH, Ar), 114.234 (quat. Ar), 126.362, 
127.516, 127.798, 129.925, 130.959 (CH, Ar), 139.274, 143.359, 158.983 (quat. Ar); HRMS: 
m/z 330.161904 (M+, 25%), 316 (40, C22H20O2), 299 (33, C22H19O), 209 (38, C15H13O), 208 
(100, C15H12O), 191 (20, C15H11), 181 (26, C14H13), 165 (20, C13H9), 135 (84, C8H7O2), 91 (10, 
C7H7); C23H22O2 requires M+, 330.161980. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
ethanol afforded 5-ethoxy-5-(4-ethoxy-phenyl)-10,11-dihydro-5H- 
dibenzo[a,d]cycloheptene (3.30) (0.73 g, 58%), as a straw-coloured gum; 
νmax(CHCl3)/cm-1 3032.5 and 2979.9 (CH), 1607.4, 1510.5, 1459.6, 1229.3, 
1051.6, 933.1, 808.0, 715.9; δH(CDCl3) 1.30 (3H, t, J = 7.0Hz, -OCH2CH3), 1.41 
(3H, t, J = 7.0Hz, -OCH2CH3), 2.79 (2H, m, CH2CH2), 2.91 (2H, m, CH2CH2), 3.12 (2H, q, J = 
7.0Hz, -OCH2CH3), 4.01 (2H, q, J = 7.0Hz, -OCH2CH3), 6.77 (2H, d, J = 8.8Hz, Ar-H), 7.07 
(4H, d, J = 8.9Hz, Ar-H), 7.13-7.30 (4H, overlapping t, J1 = 1.5 and J2 = 7.3Hz, Ar-H), 7.85 (2H, 
dd, J1 = 1.5 and J2 = 7.7Hz, Ar-H); δC(CDCl3) 15.3, 15.6 (OCH2CH3), 33.6 (CH2CH2), 60.2, 63.7 
(OCH2CH3), 84.9 (C-OEt), 113.9, 126.3, 127.4, 127.5, 129.9, 130.9 (CH, Ar), 137.1, 138.8, 
144.0, 158.3 (quat. Ar); HRMS: m/z 358.19481 (M+, 35.71%), 313.15998 (78.71, C23H21O), 
312.15266 (100, C23H20O), 283.11137 (40.30, C22H19), 252.09573 (16.74, C20H12), 207.08057 
(15.39, C15H11O), 191.08722 (64.44, C15H11), 178.07784 (20.84, C14H10), 149.05919 (87.75, 
C9H9O2), 121.03142 (22.44, C8H9O), 81.0652 (6.45, C5H5O); C25H26O2 requires M+, 358.19328. 
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4-(6,11-Dihydro-dibenzo[b,e]thiepin-11-ylidene)-cyclohexa-2,5-dienone (2.22) (1.0 g, 3.31 
mmol) and ethanol afforded 11-ethoxy-11-(4-ethoxy-phenyl)-6,11-dihydro-
dibenzo[b,e]thiepine  (3.31) (0.68 g, 55%), yellow gum,  νmax(CHCl3)/cm-1 
3601.4, 2979.5, 2930.4 (CH), 2883.5 (OEt), 1608.1, 1580.6, 1508.2, 1477.9, 
1447.1, 1391.6, 1248.3, 1220.9, 1178.9, 1154.9, 1116.0, 1059.8, 920.2, 837.2, 
791.5, 747.8; δH(CDCl3) 1.36 (3H, t, J = 7.0Hz, -CH3), 1.46 (3H, t, J = 7.0Hz, -CH3), 3.00 (1H, 
q, J = 5.1Hz, -CH2CH3), 3.20 (1H, q, J = 5.2Hz, -CH2CH3), 3.35 (1H, d, J = 13.2Hz, SCH2), 
3.73 (1H, d, J = 13.2Hz, SCH2), 4.08 (2H, q, J1 = 1.9 and J2 = 7.0Hz, -CH2CH3), 6.88 (2H, d, J 
= 11.6Hz, Ar-H), 7.10-7.21 (6H, m, Ar-H), 7.27 (1H, t, J1 = 1.3 and J2 = 6.4Hz, Ar-H), 7.34 (1H, 
t, J1 = 1.3 and J2 = 7.7Hz, Ar-H), 7.83 (1H, d, J = 8.8Hz, Ar-H), 8.01 (1H, dd, J1 = 1.2 and J2 = 
7.9Hz, Ar-H); δC(CDCl3) 15.3, 15.5 (CH3), 35.5 (SCH2), 60.1 and 63.8 (CH2), 83.7 (C-OEt), 
114.2, 125.6, 125.7, 127.0, 127.9, 128.2, 128.5, 130.4, 130.6, 130.9 (CH, Ar), 131.1, 131.5, 
134.5, 139.8, 145.5, 159.1 (quat. Ar); HRMS: m/z 376.149776 (M+, 46%), 332 (34, C22H20OS), 
331 (100, C22H19OS), 330 (71, C22H18OS), 298 (11, C22H18O), 270 (14, C19H10S), 225 (16, 
C15H13S), 195 (23, C13H7S), 165 (16, C13H9), 149 (23, C12H5); C24H24O2S requires M+, 
376.149702. 
 
4-(3-Chloro-6H-dibenzo[b,e]oxepin-11-ylidene)cyclohexa-2,5-dienone (2.32) (1.0 g, 3.12 
mmol), afforded 3-chloro-11-ethoxy-11-(4-ethoxy-phenyl)-6,11-dihydro-
dibenzo[b,e]oxepine (3.32) (0.62 g, 50%) as a straw-coloured gum,  
νmax(CHCl3)/cm-1 3032.5 (CH), 2979.9 (OCH2CH3), 1607.0, 1510.5, 1459.6, 
1229.3, 1051.6, 933.1, 808.0, 715.9, 676.4; δH(CDCl3) 1.26 (3H, t, J = 7.0Hz, 
-OCH2CH3), 1.39 (3H, t, J = 7.0Hz, -OCH2CH3), 3.11 (2H, q with d splitting, J1 = 2.3 and J2 = 
8.2Hz, -OCH2CH3), 4.00 (2H, q, J = 7.0Hz, -OCH2CH3), 4.88 (1H, d, J = 13.6Hz, OCH2), 5.11 
(1H, d, J = 13.6Hz, OCH2), 6.77 (2H, d, J = 8.8Hz, Ar-H), 7.00 (2H, m, Ar-H), 7.12 (1H, dd, J1 = 
1.0 and J2  = 7.34Hz, Ar-H), 7.20 (2H, d, J = 8.8Hz, Ar-H), 7.25 (1H, t with d splitting, J1 = 1.3 
and J2 = 7.4Hz, Ar-H), 7.35 (1H, t with d splitting, J1  = 1.3 and J2 = 7.5Hz, Ar-H), 7.54 (1H, d, J 
= 8.5Hz, Ar-H), 7.78 (1H, dd, J1 = 1.1 and J2 = 7.9Hz, Ar-H); δC(CDCl3) 15.2 and 15.6 
(OCH2CH3), 60.2 and 63.7 (OCH2CH3), 74.2 (OCH2), 84.5 (C-OEt), 114.1, 121.5, 123.2, 127.8, 
128.2, 128.6, 128.8, 128.9, 131.2 (CH, Ar), 132.7, 133.9, 134.7, 138.4, 144.3, 158.1, 158.4 
(quat. Ar); HRMS: m/z 396 (33%, M++2 (C24H2337ClO3)), 394.133553 (M+, 100%), 351 (32, 
C22H1837ClO2), 349 (93, C22H1835ClO2), 313 (15, C22H17O2), 243 (23, C18H11O), 208 (18, 
C15H12O), 165 (17, C13H9), 150 (27, C6H1037ClO2), 149 (69, C6H1035ClO2), 121 (43, C8H9O), 91 
(24, C7H7), 29 (26, C2H5); C24H2335ClO2 requires M+, 394.133573. 
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4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
1,2-ethanediol afforded 2-[4-(5H-dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-ethanol (3.33) 
(0.63 g, 55%), m.p. 119.8-121.7°C,  νmax(CHCl3)/cm-1 3602.7 and 3470.4 
(OH), 3068.0, 3011.5, 2934.6, 2881.8 (CH), 1608.8, 1508.1, 1457.9, 
1372.3, 1289.5, 1246.6, 1228.3, 1180.9, 1076.1, 1042.7, 911.9, 802.2, 
775.7; δH(CDCl3) 3.89 (2H, t, J = 4.5Hz, -CH2CH2OH), 3.98 (2H, t, J = 
4.5Hz, -CH2CH2OH), 5.33 (1H, s, CH), 6.52 (2H, d, J = 8.8Hz, Ar-H), 6.62 (2H, d, J = 8.8Hz, 
Ar-H), 6.75 (2H, s, CH=CH), 7.30-7.50 (8H, m, Ar-H); δC(CDCl3) 57.3 (CH), 61.9 and 69.4 
(CH2), 113.7, 127.1, 128.6, 128.9, 130.3, 130.7, 131.2 (CH, Ar), 134.8, 135.1, 140.9, 157.1 
(quat. Ar); HRMS: m/z 328.14531 (M+, 100%), 284.11859 (18.14, C21H16O), 283.11229 (32.04, 
C21H15O), 267.11692 (17.68, C21H15), 265.0999 (17.16, C21H13), 252.09454 (4.81, C20H12), 
239.08674 (6.90, C19H11), 191.08734 (33.81, C15H11), 178.07834 (8.81, C14H10), 165.07075 
(6.17, C13H9); C23H20O2 requires M+, 328.14633. 
 
Di-[4-(5H-Dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-ethane (3.34) (0.21 g, 20%) was 
isolated as second product from the reaction mixture; m.p. 228.9-
229.7°C, νmax(CHCl3)/cm-1 3010.3 (CH), 1605.0, 1507.9, 1422.7, 1223.7, 
1045.9, 928.6; δH(CDCl3) 4.13 (4H, s, -OCH2CH2O-), 5.32 (2H, s, CH), 
6.48 (4H, d, J = 8.5Hz, Ar-H), 6.61 (4H, d, J = 8.9Hz, Ar-H), 6.72 (4H, s, 
CH=CH), 7.30-7.50 (16H, m, Ar-H); δC(CDCl3) 57.3 (CH), 66.7 (CH2), 
113.7, 127.1, 128.5, 128.9, 130.2, 130.7, 131.2 (CH, Ar), 134.6, 135.1, 
140.9, 157.1 (quat. Ar); HRMS: m/z 594.25650 (M+, 100%), 416.17608 (5.91, C30H24O2), 
310.13494 (7.01, C23H18O), 283.11135 (24.89, C21H15O), 267.11609 (13.98, C21H15), 
253.10026 (10.48, C20H13), 240.09426 (6.93, C19H12), 191.08464 (52.83, C15H11); C44H34O2 
requires M+, 594.25588. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
1,3-propanediol afforded 3-[4-(5H-dibenzo[a,d]cyclohepten-5-yl]-phenoxy]-propan-1-ol 
(3.35) (0.45 g, 37%), m.p. 95.0-97.5°C, νmax(CHCl3)/cm-1 3564.0 and 3439.9 
(OH), 3009.7 (CH), 1608.5, 1580.2, 1508.4, 1471.7, 1436.0, 1289.1, 
1244.0, 1180.5, 1052.3, 948.3, 908.8; δH(CDCl3) 1.94 (1H, s, OH), 1.99 
(2H, p, J = 5.9Hz, -CH2CH2CH2-), 3.83 (2H, t, J = 5.9Hz, -CH2CH2CH2OH), 
4.01 (2H, t, J = 5.9Hz,  -OCH2CH2CH2OH), 5.34 (1H, s, CH), 6.52 (2H, d, J = 8.8Hz, Ar-H), 
6.64 (2H, d, J = 8.8Hz, Ar-H), 6.77 (2H, s, CH=CH), 7.30-7.53 (8H, m, Ar-H); δC(CDCl3) 32.4, 
61.2, 66.2 (CH2), 57.3 (CH), 113.6, 127.1, 128.5, 128.9, 130.9, 130.8, 131.3 (CH, Ar), 134.5, 
135.1, 140.9, 157.2 (quat. Ar); HRMS: m/z 342.161255 (M+, 100%), 283.1113 (18, C21H15O), 
267.1181 (6, C21H15), 191.0844 (28, C15H11), 178.0772 (8, C14H10), 165.0704 (6, C13H9), 
94.0419 (12, C6H6O); C24H22O2 requires M+ 342.161980. 
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1,3-[4-(5H-Dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-propane (3.36) was also isolated from 
the reaction mixture; (0.11 g, 10%), m.p. 235.0-236.8°C, 
νmax(CHCl3)/cm-1 3068.7, 2934.2 (CH), 1607.9, 1508.2, 1471.6, 1435.1, 
1302.6, 1288.7, 1243.6, 1180.3, 1062.5, 800.3; δH(CDCl3) 2.10 (2H, p, J 
= 6.0Hz, -CH2CH2CH2-), 3.99 (4H, t, J = 6.0Hz, -CH2CH2CH2-), 5.32 
(2H, s, CH), 6.46 (4H, d, J = 8.1Hz, Ar-H), 6.57 (4H, d, J = 7.8Hz, Ar-H), 
6.73 (4H, s, CH=CH), 7.30-7.50 (16H, m, Ar-H); δC(CDCl3) 29.7 (CH2), 
57.3 (CH), 64.6 (CH2), 113.6, 127.01, 128.4, 128.9, 130.2, 130.7, 131.2 (CH, Ar), 134.3, 135.1, 
141.0, 157.3 (quat. Ar); HRMS: m/z 608.27045 (M+, 100%), 430.18918 (3.2, C31H26O2), 
417.18442 (1.5, C30H25O2), 324.14975 (6.90, C24H20O), 304.13401 (13, C23H12O), 283.11076 
(15.01, C21H15O), 191.08548 (83.90, C15H11), 165.07086 (3.3, C13H9); C45H36O2 requires M+, 
608.27153. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
1,4-butanediol afforded 4-[4-(5H-dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-butan-1-ol (3.37) 
(0.45 g, 36%), m.p. 105.6-107.2°C,  νmax(CHCl3)/cm-1 3622.6 and 3485.4 
(OH), 3068.1, 3011.6, 2940.4, 2879.5 (CH), 1608.6, 1508.3, 1436.1, 
1389.6, 1289.5, 1244.7, 1180.4, 1046.1, 1014.2, 799.0; δH(CDCl3) 1.65 
(1H, s, OH), 1.71 (2H, t, J = 5.9Hz, ArO(CH2)2CH2CH2OH), 1.85 (2H, t, J = 
5.8Hz, ArOCH2CH2-), 3.70 (2H, t, J = 6.1Hz, ArO(CH2)3CH2OH), 3.92 (2H, t, J = 6.1Hz, 
ArOCH2-), 5.32 (1H, s, CH), 6.52 (2H, d, J = 8.9Hz, Ar-H), 6.61 (2H, d, J = 8.9Hz, Ar-H), 6.75 
(2H, s, CH=CH), 7.30-7.50 (8H, m, Ar-H); δC(CDCl3) 26.2, 29.9, 62.9, 67.9 (CH2), 57.3 (CH), 
113.6, 127.1, 128.5, 128.9, 130.253, 130.8, 131.2 (CH, Ar), 134.3, 135.1, 141.0, 157. (quat. 
Ar); HRMS: m/z 356.17712 (M+, 88.50%), 284.11976 (100, C21H16O), 283.11238 (45.80, 
C21H15O), 267.11581 (10.92, C21H15), 265.10059 (12.31, C21H13), 252.0933 (7.14, C20H12), 
239.0863 (7.10, C19H11), 215.08567 (5.65, C17H11), 191.08614 (43.34, C15H11), 178.07809 
(12.06, C14H10), 165.06997 (5.12, C13H9); C25H24O2 requires M+, 356.17763. 
 
1,4-[4-(5H-Dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-butane (3.38) was also isolated from 
the reaction mixture; (0.17 g, 15%), m.p. 210.0-212.1°C, νmax(CHCl3)/cm-1 
3067.8, 2951.4 and 2874.9 (CH), 1608.2, 1579.7, 1500.1, 1436.2, 1387.4, 
1289.0, 1243.8, 1180.2, 1047.6, 1012.8, 799.8; δH(CDCl3) 1.85 (4H, s 
(broad), OCH2(CH2)2CH2O), 3.90 (4H, s (broad), OCH2(CH2)2CH2O), 5.32 
(2H, s, CH), 6.47 (4H, d, J = 8.8Hz, Ar-H), 6.58 (4H, d, J = 8.8Hz, Ar-H), 
6.73 (4H, s, CH=CH), 7.26-7.50 (16H, m, Ar-H); δC(CDCl3) 26.4, 67.6 (CH2), 
57.3 (CH), 113.6, 127.1, 128.4, 128.9, 130.2, 130.7, 131.2 (CH, Ar), 134.1, 
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135.1, 141.0, 157.5 (quat. Ar); HRMS: m/z (FAB) 650.318564 (M+, 36%), 326 (10, C24H22O), 
281 (12, C22H17), 268 (9, C21H16), 221 (12, C17H17), 207 (20, C16H15), 191 (18, C15H11), 147 
(100, C10H11O), 136 (44, C9H11O); C48H42O2 requires M+, 650.318481. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
1,6-hexanediol afforded 6-[4-(5H-dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-hexan-1-ol (3.39) 
(0.67 g, 50%), m.p. 85.9-87.9°C,  νmax(CHCl3)/cm-1 3621.9, 3454.7 (OH), 
3015.9, 2939.9, 2871.3 (CH), 1608.9, 1291.5, 1240.2, 1189.8, 1051.6, 
623.8; δH(CDCl3) 1.38-1.62 (7H, m, CH2 and OH), 1.73 (2H, q, J = 6.5Hz, 
ArOCH2CH2CH2-), 3.65 (2H, t, J = 6.5Hz, -CH2CH2OH), 3.85 (2H, t, J = 
6.4Hz, ArOCH2-), 5.33 (1H, s, CH), 6.51 (2H, d, J = 8.4Hz, Ar-H), 6.60 (2H, d, J = 8.4Hz, Ar-H), 
6.75 (2H, s, CH=CH), 7.23-7.32 (8H, m, Ar-H); δC(CDCl3) 25.9, 26.9, 29.7, 33.1 (CH2), 57.3 
(CH), 63.3 (CH2OH), 67.9 (ArOCH2), 113.6, 127.1, 128.4, 128.9, 130.2, 130.8, 131.2 (CH, Ar), 
134.1, 135.1, 141.0, 157.6 (quat. Ar); HRMS: m/z 384.208879 (M+, 100%), 284 (32, C21H16O), 
283 (24, C21H15O), 265 (7, C21H13), 252 (6, C20H12), 239 (5, C19H11), 191 (39, C15H11), 189 (11, 
C15H9), 165 (6, C13H9), 55 (17, C3H3O); C27H28O2 requires M+, 384.208930. 
 
1,6-[4-(5H-Dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-hexane (3.40) (0.23 g, 10%) was also 
isolated; m.p. 200.7-202.5°C,  νmax(CHCl3)/cm-1 3030.5 (CH), 
1605.6, 1511.3, 1425.6, 1207.4, 1045.1, 927.5, 626.0; δH(CDCl3) 
1.40 (4H, q (broad), -O(CH2)2CH2CH2(CH2)2O-), 1.70 (4H, q 
(broad), -OCH2CH2(CH2)2CH2CH2O-), 3.81 (4H, t, J = 6.4Hz, -
OCH2), 5.32 (2H, s, CH), 6.48 (4H, d, J = 8.3Hz, Ar-H), 6.58 (4H, 
d, J = 8.8Hz, Ar-H), 6.73 (4H, s, CH=CH), 7.30-7.51 (16H, m, Ar-H); δC(CDCl3) 26.2, 29.6 
(CH2), 57.3 (CH), 67.9 (OCH2), 113.58, 127.1, 128.4, 128.9, 130.2, 130.7, 131.2 (CH, Ar), 
134.0, 135.1, 141.0, 157.5 (quat. Ar); HRMS: m/z 650.318481 (M+, 100%), 368 (50, C27H28O), 
284 (36, C21H16O), 283 (20, C21H15O), 264 (12, C21H12), 191 (48, C15H11), 178 (8, C14H10); 
C48H42O2 requires M+ 650.318481. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
1,8-octanediol afforded 8-[4-(5H-dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-octan-1-ol (3.41) 
(0.58 g, 40%), m.p. 81.7-84.0°C,  νmax(CHCl3)/cm-1 3621.3 and 
2457.1 (OH), 3016.7, 2935.7 (CH), 1608.1, 1518.8, 1239.5, 
1041.6, 715.9; δH(CDCl3) 1.59 (11H, s (broad), (CH2)5 and OH), 
1.70 (2H, q, J = 6.4Hz, ArOCH2CH2CH2-), 3.65 (2H, t, J = 6.6Hz, 
ArOCH2CH2-), 3.84 (2H, t, J = 6.4Hz, ArOCH2CH2), 5.33 (1H, s, CH), 6.49 (2H, d, J = 8.6Hz, 
Ar-H), 6.59 (2H, d, J = 8.7Hz, Ar-H), 6.75 (2H, s, CH=CH), 7.22-7.52 (8H, m, Ar-H); δC(CDCl3) 
26.1, 26.4, 29.7, 29.7, 29.8, 33.1, 63.4, 68.2 (CH2), 57.4 (CH), 113.7, 127.1, 128.5, 128.9, 
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130.3, 130.8, 131.3 (CH, Ar), 134.1, 135.1, 141.1, 157.6 (quat. Ar); HRMS: m/z 412.240276 
(M+, 100%), 284 (27, C21H16O), 283 (22, C21H15O), 265 (6, C21H13), 252 (5, C20H12), 191 (37, 
C15H11), 189 (10, C15H9), 178 (6, C14H10), 55 (19, C3H3O); C29H32O2 requires M+, 412.240230. 
 
1,8-[4-(5H-Dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-octane (3.42) (0.81 g, 34%) was also 
isolated from the reaction mixture; m.p. 176.3-177.9°C,  
νmax(CHCl3)/cm-1 3018.3, 2936.7 (CH), 1607.7, 1510.2, 1446.4, 
1238.9, 1041.5, 715.9, 623.7; δH(CDCl3) 1.30 (6H, m, -CH2-), 
1.5-1.7 (6H, m, -CH2-), 3.82 (4H, t, J = 6.4Hz, ArOCH2-), 5.33 
(2H, s, CH), 6.48 (4H, d, J = 8.5Hz, Ar-H), 6.58 (4H, d, J = 
8.7Hz, Ar-H), 6.74 (4H, s, CH=CH), 7.24-7.52 (16H, m, Ar-H); δC(CDCl3) 26.4 (2 × CH2),  29.7 
(4 × CH2), 68.1 (2 × CH2), 57.3 (CH), 113.6, 127.1, 128.4, 128.9, 130.3, 130.8, 131.2 (CH, Ar), 
134.0, 135.1, 141.1, 157.6 (quat. Ar); HRMS: m/z 678.351585 (M+, 79.55%), 368.3160 (45.29, 
C27H28O), 313.2477 (21.31, C23H21O), 284.0983 (29.98, C21H16O), 283.0941 (27.13, C21H15O), 
236.1939 (30.67, C15H24O2), 191.0702 (42.76, C15H11), 129.0641 (14.46, C8H17O), 55.0500 
(58.06, C4H7), 28.0036 (100.0, CO); C50H46O2 requires M+ 678.349781. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
1,3-propanedithiol afforded 3-[4-(5H-dibenzo[a,d]cyclohepten-5-yl)-phenylsulfanyl]-
propane-1-thiol (3.43) (0.53 g, 40%) as a yellow gum,  νmax(CHCl3)/cm-1 
3070.6, 3008.3, 2934.8, 1598.5, 1491.9, 1435.9, 1399.1, 1304.3, 1262.1, 
1157.8, 1090.9, 1015.6, 947.8, 895.1, 804.0; δH(CDCl3) 1.31 (1H, t, J = 
8.1Hz, -SH), 1.86 (2H, q, J = 7.0Hz, -SCH2CH2CH2SH), 2.62 (2H, q, J1 = 
1.0 and J2 = 7.5Hz, -CH2CH2SH), 2.94 (2H, t, J = 7.0Hz, ArSCH2-), 5.34 (1H, s, CH), 6.54 (2H, 
d, J1 = 1.0 and J2 = 7.5Hz, Ar-H), 6.74 (2H, s, CH=CH), 7.05 (2H, d, J1 = 1.8 and J2 = 7.5Hz, 
Ar-H), 7.27-7.50 (8H, m, Ar-H); δC(CDCl3) 23.7, 32.6, 33.3 (-CH2-), 57.6 (CH), 127.3, 128.2, 
129.0, 129.1, 130.3, 130.8, 131.3 (CH, Ar), 133.4, 135.0, 140.5, 140.6 (quat, Ar); HRMS: m/z 
374.11684 (M+, 100%), 340 (2, C24H20S), 300 (15, C21H16S), 299 (10, C21H15S), 267 (15, 
C21H15), 265 (17, C21H13), 252 (5, C20H12), 239 (2, C19H11), 191 (29, C15H11), 165 (3, C13H9); 
C24H22S2 requires M+, 374.11629. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
mercaptoethanol afforded 2-[4-(5H-dibenzo[a,d]cyclohepten-5-yl)-
phenoxy]-ethanethiol (3.44) (0.42 g, 35%), m.p. 70.1-72.2°C, 
νmax(CHCl3)/cm-1 3070.1, 3008.0, 2926.9 (CH), 1600.0, 1507.7, 1492.6, 
1435.8, 1399.1, 1304.0, 1264.6, 1243.6, 1106.2, 1015.5, 947.7, 895.3, 864.9; 
δH(CDCl3) 2.32 (1H, s (broad), SH), 3.01 (2H, t, J = 6.0Hz, -OCH2CH2SH), 3.69 (2H, t, J = 
6.0Hz, -OCH2CH2SH), 5.37 (1H, s, CH), 6.59 (2H, d, J = 7.9Hz, Ar-H), 6.76 (2H, s, CH=CH), 
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7.12 (2H, t, J = 8.3Hz, Ar-H), 7.39-7.59 (8H, m, Ar-H); δC(CDCl3) 37.8 (-OCH2CH2SH), 58.3 
(CH), 66.3 (-OCH2CH2SH), 127.4, 128.4, 129.1, 129.9, 130.3, 130.8, 131.3 (CH, Ar), 132.2, 
135.1, 140.4, 141.3 (quat. Ar); HRMS: m/z 344.12457 (M+, 79.40%), 300 (9, C22H20O), 284 
(100, C21H16O), 265 (18, C21H13), 252 (12, C20H12), 220 (8, C16H12O), 205 (26, C16H13), 191 (85, 
C15H11), 178 (18, C14H10), 149 (28, C8H5SO), 111 (12, C7H11O), 57 (55, C2HS); C23H20OS 
requires M+, 344.12349. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
thriethyleneglycol afforded 2-(2-{2-[4-(5H-dibenzo[a,d]cyclohepten-5-
yl)-phenoxy]-ethoxy}-ethoxy)-ethanol or 1-[4-(5H-
Dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-triethylene glycol (3.45) 
(0.66 g, 45%), m.p. 42.3-43.7°C,  νmax(CHCl3)/cm-1 3588.4, 3461.9 (bonded OH), 3018.2, 
2927.7, 2878.2 (CH), 1608.4, 1508.3, 1456.2, 1288.9, 1247.4, 1181.7, 1121.0, 1066.8, 947.5; 
δH(CDCl3) 3.57 (2H, t, J1 = 1.8 and J2 = 3.4Hz, -CH2-OH), 3.70 (6H, m, -(CH2)2OCH2CH2OH), 
3.81 (2H, t, J = 5.3Hz, ArOCH2CH2O), 4.03 (2H, t, J = 4.3Hz, ArOCH2CH2-), 5.33 (1H, s, CH), 
6.50 (2H, dd, J1 = 0.9 and J2 = 8.8Hz, Ar-H), 6.62 (2H, dd, J1 = 2.2 and J2 = 6.7Hz, Ar-H), 6.74 
(2H, s, CH=CH), 7.25-8.05 (8H, m, Ar-H); δC(CDCl3) 57.3 (CH), 62.2, 67.5, 70.1, 70.7, 71.2, 
72.9 (CH2), 113.7, 127.1, 128.5, 128.9, 130.2, 130.7, 131.2 (CH, Ar), 134.6, 135.1, 140.9, 
157.1 (quat. Ar); HRMS: m/z (FAB) 416.19817 (M+, 15.18%), 354 (9, C25H22O2), 292 (6, 
C19H16O3), 265 (9, C21H13), 252 (11, C20H12), 191 (100, C15H11), 165 (9, C13H9), 135 (5, 
C6H15O3), 77 (7, C6H5); C27H28O4 requires M+, 416.19876. 
 
1,8-[4-(5H-Dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-triethylene glycol (3.46) (0.24 g, 20%) 
as a yellow gum, was also isolated from the reaction mixture;  
νmax(CHCl3)/cm-1 2926.5, 2879.6, 1608.3, 1508.2, 1456.2, 
1289.2, 1247.6, 1121.5, 1066.8, 909.1, 800.1; δH(CDCl3) 
3.69 (4H, s, -OCH2CH2O-), 3.78 (4H, t, J = 4.6Hz, -
CH2O(CH2)2OCH2-), 4.00 (4H, t, J = 4.6Hz, -OCH2CH2O(CH2)2OCH2CH2O-), 5.34 (2H, s, CH), 
6.52 (4H, d, J = 8.6Hz, Ar-H), 6.63 (4H, d, J = 8.8Hz, Ar-H), 6.75 (4H, s, CH=CH), 7.22-7.52 
(16H, m, Ar-H); δC(CDCl3) 57.3 (CH), 67.3, 70.2, 71.2 (CH2), 113.8, 127.1, 128.5, 128.9, 130.3, 
130.8, 131.2 (CH, Ar), 134.4, 135.1, 141.0, 157.3 (quat. Ar); HRMS: m/z (FAB) 682.24976 (M+, 
14.06%), 265 (24, C21H13), 252 (27, C20H12), 191 (100, C15H11), 189 (33, C15H9), 165 (24, 
C13H9), 149 (21, C6H13O4), 91 (47, C7H7); C48H42O4 requires M+, 682.24831. 
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4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) and    
glycerol afforded 3-[4-(5H-dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-propane-1,2-diol (3.47) 
(0.63 g, 50%), m.p. 70.8-72.9°C,  νmax(CHCl3)/cm-1 3580.6, 3422.8 (OH, 
bonded), 3009.1, 2933.1, 2882.5 (CH), 1608.0, 1582.0, 1507.8, 1458.3, 
1436.2, 1289.3, 1240.3, 1180.9, 1043.7, 803.6; δH(CDCl3) 3.72 (1H, d, J = 
5.4Hz, -CH2OH), 3.78 (1H, d, J = 3.8Hz, -CH2OH), 3.93 (1H, d, J = 2.0Hz, -
OCH2-), 3.95 (1H, s, -OCH2-), 4.04 (1H, q, J = 4.4Hz, -OCH2-CHOH-), 5.33 (1H, s, CH), 6.52 
(2H, d, J = 8.8Hz, Ar-H), 6.62 (2H, d, J = 8.8Hz, Ar-H), 6.74 (2H, s, CH=CH), 7.28-7.52 (8H, m, 
Ar-H); δC(CDCl3) 57.3 (-OCH2-CHOH-), 64.0 (-CHOH-CH2OH), 69.4 (-OCH2-), 70.7 (CH), 
113.7, 127.1, 128.6 (CH, Ar), 128.7 (quat. Ar), 128.9, 130.3, 130.7, 131.2 (CH, Ar), 135.0, 
140.9, 156.8 (quat. Ar); HRMS: m/z 358.15574 (M+, 10.30%), 283 (9, C21H15O), 265 (10, 
C21H13), 252 (12, C20H12), 239 (11, C19H11), 191 (100, C15H11), 189 (22, C15H9), 178 (12, 
C14H10), 165 (14, C13H9), 91 (11, C7H7), 79 (25, C6H7); C24H22O3 requires M+, 358.15689. 
 
1,3-[4-(5H-Dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-propan-2-ol (3.48) (0.22g, 20%) was 
also isolated;  m.p. 192.8-195.0°C,  νmax(CHCl3)/cm-1 3586.9 and 
3425.4 (OH), 3068.2, 2931.4, 2882.0 (CH), 1607.8, 1507.0, 1458.3, 
1289.1, 1240.2, 1181.0, 1119.3, 1045.1, 896.1, 802.0; δH(CDCl3) 
3.97 (4H, d (overlapping), J = 4.8 and J = 5.7Hz, -
OCH2CHOHCH2O-), 4.24 (1H, q, J = 5.4Hz, -CHOH-), 5.32 (1H, s, CH), 5.33 (1H, s, CH), 6.50 
(4H, d, J = 8.2Hz, Ar-H), 6.59 (4H, d, J = 8.9Hz, Ar-H), 6.73 (4H, s, CH=CH), 7.25-7.51 (16H, 
m, Ar-H); δC(CDCl3) 57.3 (-CHOH-), 68.8 (-OCH2-), 69.1 (CH), 113.6, 127.1, 128.5, 128.9, 
130.3, 130.7, 131.2 (CH, Ar), 134.9, 135.0, 140.9, 156.9 (quat. Ar); HRMS: m/z 624.267083 
(M+, 70.07%), 369.3211 (27.54, C25H21O3), 368.3168 (62.66, C25H20O3), 313.2510 (18.56, 
C22H17O2), 284.0991 (18.46, C21H16O), 283.1015 (15.73, C21H15O), 236.1956 (28.97, C15H8O3), 
191.0709 (41.74, C15H11), 97.0860 (32.12, C5H5O2); C45H36O3 requires M+ 624.266445. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)-4H-naphthalen-1-one (2.26) (1.0 g, 3.0 mmol) and 
ethylene glycol afforded 2-[4-(5H-dibenzo[a,d]cyclohepten-5-yl)-
naphthalen-1-yloxy]-ethanol (3.49) (0.70 g, 62%), m.p. 124.9-127.0°C,  
νmax(CHCl3)/cm-1 3604.2 and 3438.3 (OH), 3086.6, 3009.1, 2937.4, 2879.0 
(CH), 1621.5 (naphthyl), 1595.8, 1513.5, 1455.2, 1402.9, 1369.0, 1274.0, 
1251.9, 1157.1, 1098.1, 1063.8, 900.9; δH(CDCl3) 2.62 (1H, s (broad), OH), 4.01 (2H, d, J = 
8.0Hz, -OCH2CH2OH), 4.10 (2H, q, J = 8.8Hz, -OCH2CH2OH), 6.13 (1H, s, CH), 6.55 (1H, d, J 
= 8.3Hz, Ar-H), 6.91 (1H, d, J = 8.3Hz, Ar-H), 6.92 (2H, s, CH=CH), 7.33-7.58 (8H, m, Ar-H), 
7.78 (2H, d, J = 7.4Hz, Ar-H), 8.24 (2H, m, Ar-H); δC(CDCl3) 56.4 (CH), 61.9 and 69.7 (-
OCH2CH2OH), 103.6, 122.9, 124.7, 125.3 (CH, Ar), 126.1, 126.2 (quat. Ar), 126.4, 126.9, 
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127.4, 129.4, 130.2, 130.7, 131.6 (CH, Ar), 133.3, 135.8, 140.8, 154.8 (quat. Ar); HRMS: m/z 
378.161903 (M+, 100%), 333.1290 (22.02, C25H17O), 315.1168 (19.03, C25H15), 289.1123 
(16.31, C23H13), 191.0900 (84.21, C15H11), 189.0776 (43.64, C15H9), 178.0850 (22.75, C14H10), 
144.0617 (53.94, C10H8O), 115.0583 (80.31, C9H7), 45.0351 (87.24, C2H5O); C27H22O2 requires 
M+, 378.161980. 
 
3.3.4 Reactions with Lewis acids 
 
General method 
 
To a solution of dienone 2.24 (0.5g, 1.75 mmol) in dichloromethane (50 cm3) at -78°C, was 
added TiCl4 (1.2 equivalents). The mixture was stirred at -78°C for 1 hour after which the 
nucleophile (3 equivalents) was added. The reaction mixture was kept at low temperature for 
another 30 minutes and then allowed to slowly warm to room temperature. After stirring at 
ambient temperature for a further hour, the mixture was poured into water, extracted with 
dichloromethane and the extract washed with aqueous Na2CO3. The organic extract was dried 
over Na2SO4 and the solvent evaporated in vacuo to give a mixture of products that were 
separated using TLC (1:1 hexane: dichloromethane eluent). 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (0.5 g, 1.76 mmol) and    
ethanol afforded 5-(4-ethoxyphenyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ol (3.50) 
(0.16 g, 28%), m.p. 123.8-125.5°C, νmax(CHCl3)/cm-1  3605.5 (OH), 3065.0, 
3009.6, 2929.8 (CH), 1607.3, 1579.9, 1507.2, 1478.3, 1392.1, 1295.4, 1247.8, 
1178.9, 1047.7, 1004.2, 921.5, 837.9; δH(CDCl3) 1.41 (3H, t, J = 7.0Hz,  -
OCH2CH3), 2.31 (1H, s, OH), 2.65 (2H, m, CH2CH2), 2.95 (2H, m, CH2CH2), 4.0 
(2H, q, J = 7.0Hz, -OCH2CH3), 6.77 (2H, d, J  = 8.8Hz, Ar-H), 6.95 (2H, d, J = 8.8Hz, Ar-H), 
7.10 (2H, dd, J1 = 1.1 and J2 = 7.3Hz, Ar-H), 7.2-7.35 (4H, m, Ar-H), 8.10 (2H, dd, J1 = 1.6 and 
J2 = 7.7Hz, Ar-H); δC(CDCl3) 15.2 (OCH2CH3), 32.8 (CH2CH2), 63.8 (OCH2CH3), 79.3 (C-OH), 
114.8, 125.9, 126.2, 127.9, 128.3, 130.9 (CH, Ar), 138.2, 141.2, 144.3, 158.8 (quat. Ar); 
HRMS: m/z 330.161055 (M+, 38%), 29 (100, C23H21O2), 312 (33, C23H20O), 298 (47, C22H18O), 
208 (35, C15H12O), 192 (38, C15H12), 191 (66, C15H11), 165 (24, C13H9), 122 (18, C8H10O), 91 
(11, C7H7), 77 (9, C6H5), 29 (20, CHO); C23H22O2 requires M+, 330.161980. 
 
 
 
 
 
 
O
HO
  
152 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (0.5 g, 1.76 mmol) and    
isopropanol afforded 5-(isopropoxy-5-(4-isopropoxyphenyl)-10,11-dihydro-5H-
dibenzo[a,d]cycloheptene (3.51) (0.15 g, 22%), as a yellow gum, δH(CDCl3) 
0.97 (3H, s, CH3), 0.99 (3H, s, CH3), 1.35 (3H, s, CH3), 1.37 (3H, s, CH3), 3.01 
(4H, m, CH2CH2), 3.77 (1H, q, J = 6.0Hz, CH, isopropyl), 4.55 (1H, q, J = 6.0Hz, 
CH), 6.77 (4H, d (overlapping), J = 4.5, Ar-H), 7.15-7.28 (4H, m, Ar-H), 7.91 (2H, 
d, J = 7.4Hz, Ar-H). Product decomposes to the corresponding dienone in CDCl3- too unstable 
to characterise it further. 
 
5-(4-Isopropoxy-phenyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ol (3.52) (0.19 g, 
31%) as a colourless gum, was also isolated from the same reaction mixture;  
νmax(CHCl3)/cm-1 3605.1 and 3409.4 (OH), 3067.8, 2979.0, 2936.3 (CH), 1606.0, 
1501.1, 1482.1, 1454.9, 1385.2, 1292.4, 1250.1, 1185.0, 1122.8, 1004.9, 954.1, 
909.4, 836.9, 787.6; δH(CDCl3) 1.33 (3H, s, CH3 (i-propyl)), 1.35 (3H, s, CH3), 2.35 
(1H, s, OH), 2.80 (2H, m, CH2CH2), 2.95 (2H, m, CH2CH2), 4.53 (1H, q, J = 6.1Hz, 
CH isopropyl), 6.77 (2H, d, J = 8.8Hz, Ar-H), 6.95 (2H, d,  J = 8.8Hz, Ar-H), 7.12 (2H, dd, J1 = 
1.3 and J2 = 7.3Hz, Ar-H), 7.26 (2H, d of t, J1 = 1.6 and J2 = 7.4Hz, Ar-H), 7.30 (2H, d of t, J1 = 
1.6 and J2 = 7.7Hz, Ar-H), 8.11 (2H, dd, J1 = 1.7 and J2 = 7.7Hz, Ar-H); δC(CDCl3) 22.4 (CH3, 
isopropyl), 32.9 (CH2CH2), 70.2 (CH, isopropyl), 79.4 (C-OH), 116.1, 125.9, 126.3, 127.9, 
128.4, 130.9 (CH, Ar), 126.5, 138.3, 141.1, 144.3, 157.7 (quat. Ar); HRMS: m/z 344.177096 
(M+, 11%), 209 (51, C15H13O), 208 (48, C15H12O), 178 (100, C14H10), 165 (19, C13H9), 136 (7, 
C11H12O), 121 (23, C8H9O), 94 (C6H6O), 65 (12, C5H5), 43 (11, C3H7); C24H24O2 requires M+, 
344.177630. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (0.5 g, 1.76 mmol) and    
tetraethylene glycol afforded 5-[4-(2-{2-[2-(2-hydroxy-ethoxy)-ethoxy]-ethoxy}-ethoxy)-
phenyl]-5H-dibenzo[a,d]cyclohepten-5-ol or 1-[4-(5H-Dibenzo[a,d]cyclohepten-5-ol)-
phenoxy]-tetra-ethylene glycol (3.53) (0.21 g, 25%), as a yellow 
gum,  νmax(CHCl3)/cm-1 3602.8 and 3448.2 (OH), 2931.8, 2878.9, 
1606.8, 1506.6, 1455.5, 1295.4, 1248.7, 1109.5, 1065.2, 1005.9, 
912.1, 836.5; δH(CDCl3) 2.48 (1H, s (broad), OH), 2.75 (2H, m, CH2CH2), 2.92 (2H, m, 
CH2CH2), 3.60 (2H, t, J = 4.9Hz, -CH2CH2-OH), 3.67-3.74 (10H, m, -OCH2CH2O-), 3.84 (2H, t, 
J = 5.0Hz, ArOCH2CH2O-), 4.11 (2H, t, J = 4.6Hz, ArOCH2CH2-), 6.78 (1H, d, J  = 6.7Hz, Ar-
H), 6.79 (1H, d, J  = 6.8Hz, Ar-H), 6.94 (1H, d, J = 6.8Hz, Ar-H), 6.95 (1H, d, J = 6.7Hz, Ar-H), 
7.10 (2H, dd, J1 = 1.3 and J2 = 7.3Hz, Ar-H), 7.21-7.33 (4H, m, Ar-H), 8.10 (2H, dd, J1 = 1.7 
and J2 = 7.7Hz, Ar-H); δC(CDCl3) 32.8 (CH2CH2), 62.1, 67.8, 70.1, 70.7, 70.9, 71.0, 71.2, 72.9 
(-OCH2CH2O-), 79.3 (C-OH), 114.9, 125.9, 126.2, 127.9, 128.4, 130.9 (CH, Ar), 138.2, 141.5, 
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144.2, 158.6 (quat. Ar); HRMS: m/z 478.237518 (14.07%, M+), 460.2557 (25.03, C29H32O5), 
285.1487 (10.74, C21H17O), 271.1751 (15.45, C20H15O), 209.1050 (73.14, C8H17O6), 208.0973 
(100, C8H16O6), 192.1111 (43.28, C8H16O5), 191.1023 (31.83, C15H11), 178.0938 (19.09, 
C12H10), 165.0808 (38.27, C13H9), 91.0635 (20.75, C7H7), 45.0387 (85.91, C2H5O); C29H34O6 
requires M+ 478.235539. 
 
5-(4-Hydroxy-phenyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ol (3.54) (0.05 g, 
10%), as a yellow gum, was also isolated from the reaction mixture; 
νmax(CHCl3)/cm-13600.1 and 3308.5 (OH), 1611.1, 1593.5, 1508.9, 1482.2, 
1455.1, 1328.2, 1265.7, 1215.9, 1174.0, 1005.6, 909.0, 838.9; δH(CDCl3) 2.38 
(1H, s, OH (benzylic)), 2.75 (2H, m, CH2CH2), 2.96 (2H, m, CH2CH2), 5.30 (1H, s, 
OH (phenolic)), 6.67 (2H, d, J = 6.7Hz, Ar-H), 6.89 (2H, d, J = 6.7Hz, Ar-H), 7.11 (2H, d, J  = 
7.8Hz, Ar-H), 7.22-7.36 (4H, m, Ar-H), 8.11 (2H, dd, J1 = 1.6 and J2 = 7.6Hz, Ar-H); δC(CDCl3) 
32.8 (CH2CH2), 30.7 (C-OH), 115.7, 125.9, 126.3, 127.9, 128.6, 130.9 (CH, Ar), 138.2, 141.4, 
144.2, 155.5 (quat. Ar); product decomposed to the corresponding dienone upon standing in 
CDCl3. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (0.5 g, 1.76 mmol) and    
ethanethiol afforded 5-ethylsulfanyl-5-(4-ethylsulfanyl-phenyl)-10,11-dihydro-5H-
dibenzo[a,d]cycloheptene (3.56) (0.20 g, 30%), m.p. 93.7-95.2°C; 
νmax(CHCl3)/cm-1  3065.7, 3006.7, 2929.8 (CH), 1484.1, 1448.1, 1262.0, 1228.2, 
1090.2, 1014.3, 818.7; δH(CDCl3) 1.05 (3H, t, J = 7.5Hz, -SCH2CH3), 1.38 (3H, 
t, J = 7.4Hz, -SCH2CH3), 2.05 (2H, q, J = 7.4Hz, -SCH2CH3), 2.98 (2H, q, J = 
7.4Hz, -SCH2CH3), 2.99 (2H, m, CH2CH2), 3.14 (2H, m, CH2CH2), 7.10-7.28 (10H, m, Ar-H), 
7.52 (2H, d, J = 7.4Hz, Ar-H); δC(CDCl3) 13.4, 14.8 (CH3), 26.6, 27.8 (CH2), 34.6 (CH2CH2), 
67.2 (C-SEt), 126.1, 127.6, 128.1, 128.3, 129.7, 131.0 (CH, Ar), 134.9, 140.6, 142.5, 144.9 
(quat. Ar); HRMS: (3.56 was too unstable to obtain a M+ - the high resolution peak obtained 
corresponds to the molecule with a thioethoxy moiety eliminated from 3.56) m/z 329.135147 
(M+ - C2H5S = C23H21S, 100%), 267.1439 (29.97, C21H15), 265.1282 (28.78, C21H13), 252.1182 
(27.22, C20H12), 191.1017 (78.85, C15H11), 165.0808 (21.37, C13H9), 91.0658 (11.03, C7H7); 
C23H21S requires M+ 329.136398. 
 
4-(Dibenzo[a,d]cyclohepten-5-ylidene)-4H-naphthalen-1-one (2.27) (0.5g, 1.50 mmol) gave 5-
methoxy-5-(4-methoxy-napthalen-1-yl)-10,11-dihydro-5H-
dibenzo[a,d]cycloheptene (3.57) (0.40 g, 70%), m.p. 186.9-188.6°C 
νmax(CHCl3)/cm-1 3067.7, 3011.2 (CH), 2939.6 and 2830.0 (OCH3), 1621.6, 
1590.4, 1513.7, 1478.9, 1461.9, 1424.8, 1399.0, 1389.1, 1326.1, 1276.8, 
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1249.9, 1227.8, 1159.0, 1095.7, 1074.2; δH(CDCl3) 2.01 (1H, m, CH2CH2), 2.25 (1H, m, 
CH2CH2), 2.95 (2H, s, CH2CH2), 3.10 (3H, s, -OCH3), 4.02 (3H, s, -OCH3 (naphthyl)), 6.68 (1H, 
d, J = 8.2Hz, Ar-H), 6.85 (2H, d, J = 7.1Hz, Ar-H), 7.07 (1H, d, J = 7.5Hz, Ar-H), 7.69 (1H, d, J1 
= 1.5 and J2 = 7.5Hz, Ar-H), 8.05 (1H, d, J = 8.6Hz, Ar-H), 8.19 (1H, d, J = 7.9Hz, Ar-H), 8.25 
(1H, d, J = 8.3Hz, Ar-H); δC(CDCl3; -30°C) 30.3, 32.2 ( CH2CH2), 53.6, 56.1 (OCH3), 84.9 (C-
OCH3), 102.2, 122.5, 123.9, 124.9, 125.7, 126.1, 126.4, 126.8, 125.7, 126.4, 127.1, 127.3, 
127.6, 130.1, 130.7, 132.9  (CH, Ar), 132.5, 134.7, 138.1, 142.8, 148.7, 155.9 (quat. Ar); 
HRMS: m/z 380.141206 (M+, 100%), 350.1396 (19.54, C26H22O), 349.1529 (64.93, C26H21O), 
317.1064 (8.35, C25H17), 222.0999 (16.29, C16H14O), 207.0798 (13.27, C15H11O), 191.0913 
(17.66, C12H15O2), 185.0566 (83.57, C15H13O), 157.0696 (5.69, C11H9O); C27H24O2 requires M+, 
380.141245. 
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Chapter 4: Miscellaneous reactions of 4-(Dibenzo[a,d]cycloheptan-5-
ylidene)cyclohexa-2,5,-dienone and related systems 
 
 
4.1. Quinone methides as potential synthons for sterically crowded ethylenes 
 
The phenomenon of photochromism, where a molecule changes colour as a result of a 
conformational change induced by light, has been known to chemists since 1909 when 9,9’-
bi(anthracen-9-ylidene)-10,10’-dione (4.1, Fig. 4.1) was first synthesized and found to exhibit 
this property.1 Since then, overcrowded alkenes (of which the bis-tricyclic aromatic enes are a 
subset) have been the topic of various studies to examine the effect that the structure of the 
molecule (i.e. its substituents, central ring size and included heteroatoms) has on its 
conformation and chemical properties.2  
 
According to Agranat et al,3 intramolecular overcrowding is a steric effect shown by aromatic 
structures in which the intramolecular distance of the closest approach between non-bonded 
atoms, calculated on the basis of conventional bond lengths and bond angles, is smaller than 
the sum of the van der Waals radii of the involved atoms.  In bistricyclic enes such as 4.1 and 
4.2 this would lead to overlap of the van der Waals radii of atoms in the region of the central  
C=C bond and the strain this introduces into the molecule can be alleviated by slight deviations 
from planarity in the double bond. Compounds that have a central six-membered ring have 
been shown to undergo fast E/Z isomerizations and often exhibit thermochromism or 
piezochromism.3 Compounds with a central seven-membered ring, exhibit syn and anti folding 
of the two benzene rings adjacent to the central ring in order to accommodate the steric strain 
resulting from the close proximity of the two tricyclic moieties.  
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Fig. 4.1: Overcrowded bistricyclic and analogous ethylenes 
 
 
 
                                                 
1
 P.U. Biedermann, J.J. Stezowski and I. Agranat, Advances in Theoretically Interesting Molecules; JAI Press: Stamford, CN, 
1998; Vol. 4, p. 245. 
2
 J.H. Day, Chem. Rev., 1963, 63, 65. 
3
 I. Agranat, S. Cohen, R.  Isaksson, J. Sandstrom and M.R. Suissa, J. Org. Chem., 1990, 55, 4943. 
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These inducible conformational changes have been the key to the development of molecular 
brakes, photoswitchable fluorophores and chiroptical switches.4,5,6 Recently, Feringa et al have 
also reported a donor-acceptor molecular motor which allows 360° unidirectional rotation 
driven by visible light.7  
 
Initially, one of the aims of our study was to synthesize compounds that might exhibit 
photochromic or piezochromic properties as a result of changes in conformation about a 
strained exocyclic double bond. We had hoped to impart such properties by introducing 
elements of steric strain into the structures of the p-quinone methides of interest to us. 
Compounds 4.4 and 4.5 presented attractive synthetic targets, since they are based on 
dienone structures synthesized previously, with increased steric strain resulting from the 
incorporation of naphthaquinone moieties. Their structures would also loosely correspond to 
sterically crowded molecules such as 4.1 - 4.3 that are known to exhibit photochromism. 
 
Synthesis of targets 4.4 and 4.5 via the standard method used for dienones, i.e. addition of a 
p-methoxyaryl Grignard reagent to a dienone to give a p-methoxybenzyl alcohol followed by 
demethylation to the appropriate dienone, was unsuccessful. Use of the lithiated reagent from 
1-bromo-4-methoxynaphthalene and n-butyl lithium was also unsuccessful. Presumably steric 
congestion in the target molecule prevents the organometallic addition from proceeding under 
normal reaction conditions.  
 
4.1.1 Attempted reductive coupling of quinone methides 
 
A common method for synthesizing sterically crowded molecules is depicted in Fig. 4.2. An 
appropriate ketone is converted into its dichloride by refluxing with POCl3 and PCl5. This is 
followed by reductive dimerization of the dichloride intermediate by refluxing in toluene in the 
presence of copper powder. This method was used by Schönberg et al to obtain the 
overcrowded ethylenic dimer of dibenzosuberenone in 82% yield.8’9  
 
 
                                                 
4
 T.R. Kelly, M.C. Bowyer, K.V. Bhaskar, D. Bebbington, A. Garcia, F. Lang, M.H. Kim and M.P. Jette, J. Am. Chem. Soc., 1994, 
3657. 
5
 G.M. Tsivgoulis and J.-M. Lehn, Angew. Chem. Int. Ed. Engl., 1995, 34, 1119. 
6
 B.L. Feringa, W.F. Jager, B. de Lange and E.W. Meyer, J. Am. Chem. Soc.,  1991, 113, 5468. 
7
 R.A. van Delden, N. Koumura, A. Schoevaars, A. Meetsma and B.L. Feringa,  Org. Biomol. Chem., 2003, 1, 33. 
8
 A. Schönberg, U. Sodtke and K. Praefcke, Chem. Ber., 1969, 102, 1453. 
9
 A. Schönberg, U. Sodtke and K. Praefcke, Chem. Ber., 1969, 102, 1453. 
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O Cl Cl
(82%)
i ii
 
Reagents and conditions: i) POCl3, PCl5; ii) Cu-bronze, toluene, reflux 
Fig. 4.2: Reductive dimerisation of ketones to form bistricyclic alkenes8,9 
 
We applied this approach to seven-membered ring quinone methides in the hope of achieving 
carbonyl coupling. The quinone methide 2.24 was treated with POCl3 and PCl5 followed by 
another equivalent of dienone and copper bronze in refluxing toluene. Only the dehydro dimer 
4.6 was isolated in low yield (Fig. 4.3). A possible mechanism for this reaction is set out in Fig. 
4.3, based on the Ullmann coupling of gem-dichlorides as proposed by Looker.10 
 
O
i ii
H
H
(11%)
2.24
Cl
4.6
H
Cl Cl
 
Reagents and conditions: i) PCl5, POCl3, relux, 2h; ii) 1 equiv. 2.24, Cu-bronze, toluene, reflux, 7h 
Fig. 4.3: Reductive coupling of 2.24 
 
The p-chlorophenyl species (4.7, Fig. 4.4) was ruled out as intermediate in this mechanism, 
since subjecting it to the reaction conditions failed to give coupled products. 
 
H
H
4.6
H
Cl
4.7
 
Reagents and conditions: i) Cu-bronze, toluene, reflux, 7h 
Fig. 4.4: Attempted Ullmann coupling of compound 4.7 
 
The reaction was also performed on dienone 2.23 but only dibenzosuberenone was obtained 
(Fig. 4.5). 
                                                 
10
 J.J. Looker, J. Am. Chem. Soc., 1966, 31, 3599. 
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O
O
(25%)
2.23
 
Reagents and conditions: i) PCl5, POCl3, reflux, 2h; ii) 1 equiv. 2.23, Cu-bronze, toluene, reflux, 7h 
Fig. 4.5: Decomposition of 2.23 to dibenzosuberenone 
 
Another method for the synthesis of overcrowded alkenes involves converting an appropriate 
ketone into a thioketone by reaction with Lawesson’s reagent, followed by a thione-diazo 
coupling reaction to form a thiirane. The extrusion of sulfur leads to the formation of the target 
molecule (Fig. 4.6).11,12  
Se
S
Se
Se
S+
Se
N2
C6H6
Se
Se
PPh 3
C6H6
(61%) (67%)
-N2
 
Fig. 4.6: Barton synthesis of overcrowded alkenes11,12 
 
Unfortunately, also the Barton synthesis failed when applied to the quinone methide systems 
of interest to us. Dienone 2.24 was unreactive when treated with Lawesson’s reagent 
according to the method used by Feringa et al.13 Thioquinone methides are notoriously difficult 
to isolate, but the presence of alkyl substituents (such as t-butyl) on the pendant ring as well as 
electron-donating substituents on the para-position of the two aromatic rings in the fuchsone 
system enabled Oda and coworkers to isolate the first non-annulated thioquinone methide.14 
Attempts to introduce the thiocarbonyl group in the substituted dienones 2.28 and 2.42 using 
Lawesson’s reagent, were also unsuccessful (Fig. 4.7).  
 
                                                 
11
 A. Levy, P.U. Biedermann, S. Cohen and I. Agranat, J. Chem. Soc., Perkin Trans. 2, 2000, 725. 
12
 D.H.R. Barton and B.J. Willis, Chem. Commun., 1970, 1225. 
13
 B.L. Feringa, W.F. Jager and B. de Lange, J. Chem. Soc., Chem. Commun., 1993, 288. 
14
 R. Suzuki, H. Kurata, T. Kawase and M. Oda, Chem. Lett., 1999, 571. 
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O
But But
O
H3C CH3
2.28 2.42
O
2.24
 
Reagents and conditions: Toluene, N2, Lawesson’s reagent, reflux 
Fig. 4.7: Structures of dienones that failed to react with Lawesson’s reagent 
 
Treatment of 2.26 with Lawesson’s reagent, led to a complex mixture from which the 
thioketone 4.8 was isolated as the only significant product (Fig. 4.8). 
 
O
S
2.26
(20%)
4.8
 
Reagents and conditions: Toluene, N2, Lawesson’s reagent, reflux, 17h15 
Fig. 4.8: Attempted coupling of dienone 2.26 with Lawesson’s reagent 
 
The use of the McMurry carbonyl coupling protocol was also explored. The active reagent is 
titanium(0), which can be produced in situ by combining TiCl3 or TiCl4 with a reducing agent. 
Combinations of Lewis acids and reducing agents that have been used successfully as 
coupling reagents include TiCl3/K, TiCl3/Mg, TiCl3/LiAlH4, and TiCl3/Zn-Cu. TiCl4 can be used in 
combination with Zn, amalgamated Mg mesh, and Hg with Mg turnings.16,17,18  During their 
research on tellurium-containing bistricyclic enes, Agranat et al found that the major product of 
the McMurry coupling of tellurium-containing ketones, was a reductively coupled hydride. The 
ene compounds could be formed by oxidation of the hydride with selenium dioxide, albeit in 
unsatisfactory yields (Fig. 4.9).3 
 
 
 
                                                 
15
 Spectra of 4.8 were identical to literature; A. Safarzadeh-Amiri, R.E. Verrall and R.P. Steer, Can. J. Chem., 1983, 61(5), 894. 
16
 T. Mukaiyama, T. Sato and J. Hanna, Chem. Lett,. 1973, 1041. 
17
 E.J. Corey, R.L. Danheiser and S. Chandrasekaran, J. Org. Chem., 1976, 41, 260. 
18
 A.R. Carroll and W.C. Taylor, Aust. J. Chem., 1990, 43, 1439. 
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Te
O
Te
Te
HH
(41%)
 
Reagents and conditions: TiCl4, Zn, Pyr, THF 
Fig. 4.9: Reductive hydride coupling during the McMurry reaction3 
 
Attempted McMurry coupling of quinone methide 2.26 using TiCl4/Mg19 [which effectively 
generates Ti(II) in situ], resulted in its reduction, giving the phenol 4.9 in low yield (Fig. 4.10).  
No coupled products were obtained.  
 
O
H
OH
4.9
(50%)
2.26
 
Reagents and conditions: Mg, TiCl4, THF, rt to reflux 
Fig. 4.10: Attempted McMurry coupling of dienone 2.26 
 
Pinacol coupling reactions can be used for converting carbonyl compounds to alkenes. The 
reaction is effected by treating the carbonyl compound with a reducing reagent or metal 
complex such as low-valent metal complexes of Ce, Fe, Mg, and Ti.20,21,22,23 Aqueous 
pinacolation reactions using magnesium and catalytic amounts of ammonium chloride, as well 
as pinacolation under ultrasonic irradiation using Al, have been reported.24,25  The cross-
coupling of ketones to olefins have been accomplished with Zn and AlCl3 by refluxing in 
CH3CN for 10-17h.26 Sato et al have used similar reagents with sonication instead of refluxing 
to produce a strained ethylenic dimer along with an epoxide of dibenzosuberenone (Fig. 
4.11).27  
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 J. Pons, J. Zahra and M. Santelli,  Tet. Lett., 1981, 22, 3965. 
20
 T. Imamoto, T. Kusumoto, Y. Hatanaka and M. Yokoyama, Tetrahedron Lett., 1982, 1353. 
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 H. Inoue, M. Suzuki and N. Fujimoto, J. Org. Chem., 1979, 44, 1722. 
22
 A. Furstner, R. Csuk, C. Rohrer and H. Weidmann, J. Chem. Soc., Perkin Trans. 1, 1988, 1729. 
23
 K.C. Nicholau, Z. Yang, E.J. Sorenson and M. Nakada, J. Chem. Soc., Chem. Commun., 1993, 1024. 
24
 W.C. Zhang and J.C. Li, J. Chem. Soc., Perkin Trans. 1, 1998, 3131. 
25
 Y. Brian, S. Liu, J. Li and T. Li, Synth. Commun., 2002, 32, 1169. 
26
 D.K. Dutta and D. Konwar, Tetrahedron Lett., 2000, 41, 6227. 
27
 R. Sato, T. Nagaoka and M. Saito, Tetrahedron  Lett., 1990, 31(29), 4165. 
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O
+ O
(34%) (48%)  
Reagents and conditions: Zn /AlCl3, CH3CN, sonication, 3h 
Fig. 4.11: Pinacol coupling of dibenzosuberenone26  
 
We subjected a range of dienones to the pinacolation procedure described by Sato. Upon 
addition of aluminium chloride, the reaction mixtures changed colour, turning green, orange, 
black or red depending on the p-quinone methide used, with the evolution of gas. The progress 
of the reaction could be followed by the disappearance of the initial colouration and 
appearance of a white solution and was typically complete within 30 minutes. However, no 
pinacol coupling or rearrangement products such as those Sato obtained from benzophenone 
were isolated. The main product in each reaction was a reductively coupled hydride (Fig. 4.12). 
The reaction of dienone 2.26 gave a complex product mixture from which only low yields of 
4.11 were isolated. 
 
O
H
H
(95%)
2.23 4.6
S
O
4.102.22
(80%)
S
H
H
S
H
H
O
CH3
CH3
H
OH3C
O
O
2.30 4.12
(52%)
O
4.11
(15%)
2.26
i
i
i
i
HH3C
 
Reagents and conditions: Zn /AlCl3, CH3CN, sonication, 30 min 
Fig. 4.12: Products of Zn/AlCl3 coupling 
 
The mechanism for the reaction is proposed to be that postulated by Sato (Fig. 4.13).26  
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O
Zn, Al Zn2+, Al3+
sonication
O
O
H
H
Zn, Al / AlCl3
O O
H-donor
 
Fig. 4.13: Proposed mechanism for the reductive dimerisation of dienones  
 
The deoxygenation step could proceed via the mechanism proposed by McMurry for titanium-
induced deoxygenation of pinacolates (Fig. 4.14) where the substrate bonds to the titanium 
surface, followed by coupling and stepwise cleavage of the C-O bonds.28 
 
 
Zn
O
O2 O
Zn
O O
Zn
O
H
O
H
H
+
Zn
O O
H-donor
H-donor
 
Fig. 4.14: Mechanism for deoxygenation during reductive dimerisation of dienones27 
 
 
 
 
                                                 
28
 J.E. McMurry, Chem. Rev., 1989, 89, 1513. 
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4.1.2 Attempted conversion of quinone methides into epoxides and dichloro- 
cyclopropane derivatives 
 
Various methods for the epoxidation of α,β-unsaturated ketones are known; reagents such as 
alkaline hydrogen peroxide and magnesium monoperoxyphthalate (MMPP) are commonly 
used.29,30 Yadav et al have reported that KF adsorbed on alumina promotes the epoxidation of 
electron deficient alkenes by anhydrous tert-butyl hydroperoxide in an environmentally benign 
oxidation reaction.31,32  
 
We used various methods in an attempt to functionalize the conjugated double bonds of 
dienone 2.24 through the formation of dichlorocyclopropane or epoxide (Fig. 4.15).  
 
OO
Cl
Cl
2.24
O
O
 
Fig. 4.15: Attempted epoxidation and dichlorocarbenation of dienone 2.24 
 
Table 4.1: Attempted methods of epoxidation and carbenation of 2.24 
 
 
 
 
 
 
 
 
 
 
However, the diene bonds of dienone 2.24 proved resistant to functionalization. Either a 
plethora of minor products were found or unreacted dienone was recovered nearly 
quantitatively from the reaction. 
                                                 
29
 G. Solladie and J. Hutt, J. Org. Chem., 1987, 52, 3560. 
30
 P. Brougham, M.S. Cooper, D.A. Cummerson, H. Heaney and N. Thompson, Synthesis, 1987, 1015. 
31
 V.K. Yadav and K.K. Kapoor, Tetrahedron, 1996, 52, 3659. 
32
 G.W. Breton, J.D. Fields and P.J. Kropp,  Tetrahedron Lett., 1995, 36, 3825. 
33
 W.E. Wayne and J.W. Cusic, J. Med. Chem., 1974, 17, 72. 
34
 Vogel’s  Textbook of Practical Organic Chemistry, (1989), 5th edition, B.S. Furniss, A.J. Hannaford, P.W.G. Smith and A.R. 
Tatchell, Longman Group UK Limited, Essex, England. 
Entry Method 
 
1 
 
Ethyl trichloroacetate, NaOCH3, benzene/pet.ether33 
2 CHCl3, NaOH, triethylbenzylammonium chloride34 
3 Magnesium monoperoxyphthalate, CHCl3, H2O, triethylbenzylammonium chloride31 
4 K2CO3, H2O2, methanol, H2O30 
5 Zn (dust), Cu, ether, CuCl, CH2I235  
6 KF, Al2O3, CH3CN, tbutyl peroxide32  
7 tButyl peroxide, CH2Cl2, Si-gel33 
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Tert-butyl hydroperoxide supported on KF and aluminium oxide which has been used to 
epoxidise electron-deficient double bonds was also unsuccessful in functionalizing any of the 
double bonds in the dienones. Unreacted starting material was recovered upon work-up. The 
attempted epoxidation of dienones 2.25 and 2.26 was also unsuccessful (Fig. 4.16).  
 
Br
O O
no reaction or complete 
decomposition of starting
material
2.25 2.26
or
i
 
Reagents and conditions: i) NaOH, CHCl3, PTC, rt, sonication or reflux 
Fig. 4.16: Attempted epoxidation and dichlorocarbenation of dienones 2.25 and 2.26 
 
4.1.3 Photochemistry 
 
The possibility of functionalizing the double bonds in the dienones photochemically, was 
investigated. Conjugated quinone methides have been synthesized through the [2+2] 
photocycloaddition of diarylacetylenes and 2,6-dichlorobenzoquinone (Fig. 4.17).35 
 
+
O
O
Cl Cl
O
Ohν
(80-90%)
Cl Cl
 
Fig. 4.17: Synthesis of quinone methides via photocycloaddition35 
 
Dibenzosuberenone has been shown to dimerise when irradiated in benzene solution through 
pyrex with a 250W lamp for 3 days.36   
 
                                                 
35
 E. Bosch, S.M. Hubig and J.K. Kochi, J. Am. Chem. Soc., 1998, 120(2), 386. 
36
 W. Tochtermann, G. Schnabel and A. Manschreck, Justus Liebigs Ann. Chem., 1967, 705, 169. 
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O
(70%)
O
O
(trans isomer)
4.13
 
Reagents and conditions: 250 W Hg-lamp through pyrex, benzene, 3 days 
Fig. 4.18: Photochemical dimerisation of dibenzosuberone36 
 
This photodimerisation has also been reported to proceed in isopropanol in 90% yield.37 The 
same researchers reported the dimerisation of dibenzotropilidenes of mixed functionality (Fig. 
4.19). 
O
CH2
O
O
CH2
CH2
(26%) (18%)
O
CH2
(40%)
+ + +
CH2
No reaction
(80%)
4.14 4.15
 
Reagents and conditions: 125 W Hg-lamp irradiated through pyrex, cyclohexane, flushed with Ar. All  
dimers obtained had the trans-conformation 
Fig. 4.19: Dimerisation of dibenzo-derivatives in cyclohexane37 
 
The non-reactivity of the exocyclic double bond of 4.14 compared to that of 
dibenzosuberenone and the alkene 4.15, might also indicate that the exocylic double bond 
deactivates the molecule towards photochemical [2+2] reactions, a trend which is also 
observed for the seven-membered quinone methide series.  
 
The stereochemistry of the photocycloaddition of dibenzo[a,d]cycloheptene derivatives with 
dimethyl maleate and various other olefins have been investigated (Fig. 4.20).38,39 
 
                                                 
37
 J. Kopecký and J.E. Shields, Tetrahedron Lett., 1968, 24, 2821. 
38
 Y. Fujiwara, M. Sumino, A. Nozaki and M. Okamoto, Chem. Pharm. Bull., 1989, 37(6), 1452. 
39
 J. Rokach, Y. Girard, J.G. Atkinson and C.S. Rooney, J. Het. Chem., 1979, 16, 205. 
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O
O
H
R1
R2
R2i a: R1 = R3 = COOMe, R2 = Meb: R1 = COOMe, R2 = H, R3 = Ph
c: R1 = Me, R2 = H, R3 = COOMe
d: R1 = COOMe, R2 = R3 = Me
 
Reagents and conditions: i) 1 mmol ketone, 7-15 mmol olefin, 100 W Hg-lamp irradiated through  
quartz, 24-60h, dioxane. All dimers obtained had the trans conformation about the ring junction 
Fig. 4.20: Photochemical addition reactions of dibenzosuberenone38,39 
 
This prompted us to investigate whether the structurally related dienone 2.23 would dimerise 
under similar conditions. Irradiation of pure 2.23 in the solid state (open to the  atmosphere) as 
well as in solution (benzene, 3 days through pyrex) yielded some starting material as well as 
the phenolic product 4.16, but no dimer was formed (Fig. 4.21). Contrary to our expectations, 
compound 4.16 was stable in the solid form and did not revert back to the dienone upon 
standing.  
 
O
HO
OH
i
2.23 (70%)
4.16
O
O
i
 
Reagents and conditions: i) 250 W Hg-lamp irradiated through glass or 250 W, solid state, 3 days 
Fig. 4.21: Phenolic product obtained from irradiation of dienone 2.23 
 
The thermal and photochemical dehydration of p-hydroxytriarylmethanols has been reported to 
occur in solution and in the solid state (Chapter 1, Section 1.7.6).40 The formation of 4.16 could 
indicate that the dehydration reaction might be reversible in the presence of oxygen (which 
was not excluded from the reaction mixtures) and water vapour. 
 
A dibenzoannulated quinone synthesized by Oda et al, displayed reversible photochemical and 
thermal isomerism between the quinone and diradical forms (Fig. 4.22).41  Upon photochemical 
irradiation in degassed benzene (400W high pressure Hg lamp through pyrex) an ESR 
spectrum due to the formation of a diradical species was observed. The signal intensity 
decreased in the dark with a half-life of 4 minutes, indicating reformation of the quinoid 
structure.  
 
                                                 
40
 T.W. Lewis, D.Y. Curtin and I.C. Paul, J. Am. Chem. Soc., 1979, 101(19), 5717. 
41
 H. Kurata, T. Tanaka and M. Oda, Chem. Lett., 1999, 749. 
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O
O
O
O
But tBu
tBuBut tBuBut
But tBu
hν
dark
 
Fig. 4.22: Photochemical isomerism between the quinoid and diradical structures of a dibenzo-
annelated quinone methide41  
 
We employed an alternative procedure to synthesize the anticipated photo-dimer of dienone 
2.23 (Fig. 4.23). A Grignard reaction was carried out on dimer 4.13 with 4-bromoanisole. The 
diol 4.17 was formed but the attempted TFA-demethylation of the alcohol to the conjugated 
dienone resulted only in decomposition of the starting material. The use of BBr3.S(CH3)2 was 
also unsuccessful in effecting demethylation.  
 
O
O
4.13
HO
HO
OCH3
OCH3
4.17
(90%)
decompositioni ii
 
Reagents and conditions: i) Bromoanisole, Mg, THF, reflux, 17h; ii) CH2Cl2, TFA, H2O, 3 days 
Fig. 4.23: Attempted conversion of dibenzosuberenone photo-dimer 4.13 into a p-quinone 
methide 
 
In an endeavour to synthesize a [2+2] photo-adduct or even possibly a Paterno-Büchi adduct, 
a variety of alkenes (4.18 to 4.21, Fig. 4.24) were added to dienone 2.23 in benzene and 
irradiated with a high-pressure Hg lamp (250 W) through pyrex and quartz respectively. 
Reactions with both electron-deficient and electron-rich alkenes were unsuccessful. Dienone 
2.23 was irradiated through pyrex with methyl vinyl ether in benzene for 24 h both with and 
without a sensitizer (benzophenone), again yielding only unreacted starting material. Upon 
prolonged irradiation it was found that the dienone degraded to dibenzosuberenone (Chapter 
3, Section 3.2).  
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O
O O O O
OCH3
2.21 2.24 2.26 2.29
OCH3 Si
4.19
O
O
O
O
4.18 4.20
CN
4.21
O
2.23
 
Fig. 4.24: Dienones subjected to photochemical irradiation 
 
Photolysis of the methoxy-substituted dienone 2.29 and methyl vinyl ether in benzene yielded 
a plethora of labile products. A similar result was obtained from the photolysis of dienone 2.29 
and electron-rich alkene 4.18. No reaction products were obtained from the photolysis of 
dienone 2.24 with the cycloalkene 4.20. Irradiating 2.24 with furan through quartz resulted in 
an intractable gum. 
 
Irradiation of dienone 2.29 in benzene resulted in demethylation giving the α-hydroxy dienone 
4.22 as the major product.  
 
OCH3
O
OH
O
2.29
(50%)
4.22
 
Reagents and conditions: i) 250 W Hg-lamp irradiated through pyrex, benzene, 24h 
Fig. 4.25: Photolytic demethylation in dienone 2.29 
 
The reaction mechanism for this photochemical demethylation is uncertain. It is possible that 
the quinone methide 2.29 forms an excited state diradical upon irradiation (as was the case 
with quinone methide 2.23) that fragments, giving an ortho-quinone intermediate which could 
feasibly be converted to 4.22 (Fig. 4.26). 
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O
OCH3
O
OCH3
O
O
O
OH
2.29 4.22
 
Fig. 4.26: Possible mechanism for the formation of 4.22 
 
4.1.4 Diels-Alder reactions 
 
Unannulated quinone methides have been reported to react at their ene bonds with 
cyclopentadiene, giving Diels-Alder adducts in good yields (Fig.4.27).42 
 
O
NC CN
O
NC CN
(70%)
 
Reagents and conditions: Toluene, excess cyclopentadiene, rt, 1h 
Fig. 4.27: Diels-Alder reaction of unannulated quinone methides42  
 
High pressure and Lewis acids have also been used to accelerate the Diels-Alder reaction of 
cyclohexenones with acyclic dienes (Fig. 4.28).43 
 
O R1
R3
R2
+
O R1
R3
R2
 
Reagents and conditions: CH2Cl2, EtAlCl2, N2, 12 kbar, 16h, 50°C 
Fig. 4.28: Diels-Alder reaction of hindered cyclohexenones under high pressure43 
 
Cross-conjugated dienones are expected to display increased reactivity in Diels-Alder 
reactions, but geminal substitution at C4 can retard the reaction to such an extent that catalysts 
may be required. It has been reported that the rate of reaction of hindered cyclohexadienones 
is increased in the presence of a Lewis acid such as SnCl4 (Fig. 4.29).44  
 
                                                 
42
 J.A. Hyatt, J. Org. Chem., 1983, 48, 129. 
43
 R.W.M. Aben, L. Minuti, H.W. Scheeren and A. Taticchi, Tetrahedron Lett., 1991, 32(44), 6445. 
44
 D. Liotta, M. Saindane and C. Barnum, J. Am. Chem. Soc., 1981, 103, 3224. 
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SnCl4180°C
82h CH3CN
No reaction
 
Fig. 4.29: Lewis-acid catalyzed Diels-Alder reaction with hindered cyclohexadienones44 
 
Dienone 2.24 was heated under reflux with furan in various solvents (ethanol, THF and 
CH2Cl2, respectively) in the presence and absence of a Lewis acid catalyst (AlCl3). Reaction 
occurred only when AlCl3 was added along with furan to an ethanolic solution of the dienone. 
However, HRMS-analysis of the resulting product revealed that the dienone had undergone 
acid-catalyzed rearomatisation with nucleophilic substitution of ethanol at both the 5-position 
as well as the para-position on the pendant ring to form 5-ethoxy-5-(4-ethoxy-phenyl)-5H-
dibenzo[a,d]cycloheptene 3.30 (Fig. 4.30). We have reported on reactions of this type in 
Section 3.2.4, Chapter 3. 
 
O
EtO
OEt
2.24 (70%)
3.30
 
Reagents and conditions: AlCl3 (1 equiv.), furan (excess), CH2Cl2, rt, 24h 
Fig. 4.30: Product of Lewis-acid catalyzed reaction of 2.24 with ethanol 
 
Acid-catalyzed reactions (AlCl3 or TiCl4) of a range of dienones with 2,3-dimethyl-1,3-
butadiene led only to polymerization of the dienes. A similar result was obtained with 
microwave irradiation. Performing the reactions under high pressure (200 bar) also failed to 
give Diels-Alder adducts.  
 
Diels-Alder reactions are known to be accelerated by increasing the solvent polarity, so 
ethylene glycol was used as the solvent instead of THF or diethyl ether. It has been suggested 
that the solvent molecules aggregate around the reactants thus encapsulating them in close 
proximity, thereby enhancing the rate of reaction.45 In addition to the ability of ethylene glycol 
to engage in hydrogen-bonding, it also solubilizes hydrophobic dienes and dienophiles and 
favours a π–stacked arrangement of reactants (Fig. 4.31).46 
 
                                                 
45
 T. Dunams, W. Hoekstra, M. Pentaleri and D. Liotta, Tetrahedron Lett., 1988, 29(31), 3745. 
46
 U. Pindur, G. Lutz and C. Otto, Chem. Rev., 1993, 93, 741. 
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Fig. 4.31: π-Stacking of reagents in the Diels-Alder reaction, facilitated by ethylene glycol46 
 
The results of Diels-Alder reactions carried out on dienones 2.28 and 2.24 in ethylene glycol 
are summarized in Fig. 4.32. 
 
O
2.24
i
O O
H
O OH
3.34
(72%)
H3C CH3
i
(60%)
2.26 4.23
 
Reagents and conditions: i) Ethylene glycol, 2,3-dimethylbutadiene, reflux, 1h 
Fig. 4.32: Products obtained from Diels-Alder reactions of dienones in ethylene glycol 
 
Interestingly, it is the double bond in the seven-membered ring of dienone 2.26 rather than the 
enone system that undergoes Diels-Alder addition. This effect can be attributed to steric 
crowding in the putative adduct. Although the computed lowest energy structure of the dienone 
2.26 reveals that the upper face of the dienone double bond is accessible to the diene (Fig. 
4.33), significant strain is likely to result in the adduct. This is mainly a result of the inner 
hydrogen atoms on the dienone double bond being forced downward into the underlying 
benzene rings as annulation takes place. 
 
 
 
Fig. 4.33: Lowest energy conformer structure calculated for p-quinone methide 2.27 
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Aryne intermediates have been postulated in seven- and eight-membered tricyclic systems, 
being formed in situ at the 10,11-position in these ring systems through the elimination of an 
annulated selenodiazole ring, or the double elimination of substituents, or the base-catalyzed 
elimination of bromine from the 11-position (Fig. 4.34).47,48,49 It has been shown that reagents 
such as azides or cyclopentadienes trap the aryne intermediates as Diels-Alder adducts. 
 
N
N
Se Se
PhO2S
SO2Ph O
Br
i
ii iii
(Eqn 4.4)
(Eqn 4.5) (Eqn 4.6)
Reagents and conditions: i) 140-170°C; ii) LDA, THF, -78°C; iii) KOBu t, ether 
Fig. 4.34: Methods employed for in situ formation of seven-and eight-membered arynes47,48,49 
 
In our hands, KOBut-catalysed elimination of HBr in dienone 2.25 (presumably giving a 
benzyne intermediate) in the presence of furan led to the formation of a Diels-Alder adduct in 
good yield (Fig. 4.35). 
 
Br
O O
O
2.25 4.24
(54%)
 
Reagents and conditions: KOBut, furan, dry ether 
Fig. 4.35: Diels-Alder addition to the double bond in dienone 2.25. 
 
Attempts to intercept the aryne intermediate with azide were not successful. Instead the enol 
4.25 was obtained, either through reaction of the aryne intermediate or the vinyl bromide itself, 
with water (Fig. 4.36). 
 
                                                 
47
 M. Loch and H. Meier, Chem. Ber., 1981, 114, 2382. 
48
 E.L. Elliott, A. Orita, D. Hasegawa, P. Gantzel, J. Otera and J.S. Siegel, Org. Biomol. Chem., 2004, 3, 581. 
49
 W. Tochtermann, G. Schnabel and A. Mannschreck, Liebigs Ann. Chem., 1967, 705, 169. 
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O
Br
O
2.25 4.25
(70%)
OH
 
Reagents and conditions: KOBut (3 equiv.), NaN3, THF, reflux 
Fig. 4.36: Reaction of 2.25 with KOBut and sodium azide. 
 
4.2 Reduction 
 
4.2.1 Catalytic hydrogenation 
 
Catalytic hydrogenation of unannulated quinone methides with Pd/C has been reported to give 
the corresponding phenols (Fig. 4.37).50 
 
OHO
NC
NC
C
CN
H
CN
 
Reagents and conditions: Pd/C, EtOAc, rt, 1 atm H2, 1h 
Fig. 4.37: Catalytic hydrogenation of 7,7-dicyanobenzoquinone methide50 
 
Hydrogenation of a fluorenyl quinone methide under pressure using Pd/C has been reported to 
lead to a reductive dimerisation reaction (Fig. 4.38).51 
 
O
But But
ArAr
Ar = OH
But
But
OH
But But
H
O
But But
+
(71%)
i ii
 
Reagents and conditions: i) H2/Pt in EtOAc; ii) Dissociation in solution 
Fig. 4.38: Products of catalytic hydrogenation of 2,6-di-tert-butyl-4-(fluorenylidene)-1,4- 
benzoquinone51 
 
                                                 
50
 J.A. Hyatt, J. Org. Chem., 1983, 48, 129. 
51
 H. Becker and K. Gustafsson, J. Org. Chem., 1976, 41(2), 214. 
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We subjected a series of p-quinone methides to catalytic hydrogenation with Pd/C in methanol 
under 200 psi of hydrogen pressure. The products and yields are summarized in Fig. 4.39.  
 
 
O
H
OH
H
OH
H
OH
H
OH
H
OH
H
OH
O
O
O
O O
CH3 O CH3
H CH3
HO
2.23 2.24
2.26 2.27
2.30
4.9
3.2 3.3
4.26 4.26 4.27
(44%) (95%)
3.3
(43%)
(25%) (35%) (60%) (5%)
4.28
(90%)
O
+
+ +
CH3
 
Reagents and conditions: Pd/C, MeOH, 200 psi, 24h 
Fig. 4.39: Catalytic hydrogenation of dienones 
 
Reduction of the dienone to the corresponding phenol is the dominant process in each case. In 
addition, reduction of the bridging ethynyl bond of dienones 2.23 and 2.26 occurs. The 
naphthyl rings of dienone 2.26 survived the reduction, but the reduction of 2.27 gave a minor 
product 4.27 where reduction of the naphthyl quinone ring occurred. No dimers were detected 
to form, probably reflecting increased steric crowding at the tris-benzylic carbons in these 
dienones compared to the fluorenyl analogues.  
 
4.2.2 Sodium borohydride/CeCl3 reduction 
 
The reduction of quinones to quinols can be effected with a variety of reducing agents such as 
SnCl2, Zn/HOAc, Fe/HCl, Na2S2O4, NaBH4, molecular hydrogen and SmI2/water.52 N,N-
diethylhydroxylamine (DEH) has also been employed to reduce quinones in the presence of 
other reducible functionalities such as azo or acetoxy.53 2,6-Di-tert-butyl-4-(fluorenylidene)-1,4-
                                                 
52
 E. Hasegawa and D.P. Curran, J. Org. Chem., 1993, 58, 5008. 
53
 S. Fujita and K. Sano, Tetrahedron Lett., 1975, 21, 1695. 
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benzoquinone has been reduced with Zn and glacial acetic acid to the corresponding phenol 
(Fig. 4.40).46 
 
O
But But But But
H
OH
(95%)
 
Reagents and conditions: Zn, HOAc, reflux, 45 min 
Fig. 4.40: Reduction of quinone methides to the corresponding phenol46 
 
Upon refluxing dienone 2.24 in formic acid, a 1:1 mixture of the two phenolic products 3.2 and 
3.3 was isolated. The formation of 3.2 can be rationalized in terms of hydride transfer from the 
ethane tether to the tris-benzylic centre (Fig. 4.41). 
 
O
HH
OHOH
+
1 : 1
(80%)
2.24 3.2 3.3
 
Reagents and conditions: Formic acid, reflux, 4h 
Fig. 4.41: Reduction of 2.24 with formic acid 
 
We investigated the effect of the Luche reagent (NaBH4 and CeCl3) on a series of p-quinone 
methides.54,55 Cerium trichloride hexahydrate was added to a methanolic solution of the 
dienone at room temperature followed by a large excess of NaBH4 (typically 8 equivalents) 
with vigorous mechanical stirring. The decolouration of the solution from intense yellow to 
milky white indicated reaction of the dienones which was typically complete within 15 minutes. 
THF was added as a co-solvent in cases where the dienones were sparingly soluble in 
methanol.  
 
The main product in each of the reductions was usually the phenol resulting from reduction by 
NaBH4. Other significant products that were isolated exhibited complete loss of the carbonyl 
oxygen, along with addition of hydroxy or methoxy at the benzylic position. Increasing the 
amount of CeCl3 in the reaction with dienone 2.23 to 3 equivalents, increased the yield of the 
                                                 
54
 C. Liu and D.J. Burnell, Tetrahedron Lett., 1997, 38(37), 6573. 
55
 A.L. Gemal and J. Luche, J. Org. Chem., 1979, 44(23), 4187. 
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phenol 3.2 and also led to the formation of the hydride 4.31. Exclusion of CeCl3 led to the 
production of the phenol 3.2 as the sole product.  No addition of alcohol was observed when 
the sterically hindered alcohol tert-butanol was used. No reduction occurred at low temperature 
(-20°C), as observed by the persistence of the yell ow dienone colour. However, the reaction 
was completed within minutes of allowing the reaction temperature to rise to ambient. 
Nucleophilic substitution at the benzylic position is influenced by the steric bulk of the solvent.  
 
Table 4.3: NaBH4 reduction of dienone 2.23  
H
4.31
+
O
H
OH
H3CO HO
3.2 4.29 4.30
+ +
2.23
 
 
 
The NaBH4/CeCl3 reduction of quinone methides 2.22, 2.27 and 2.33 are summarized in Fig. 
4.42. The 1H NMR spectrum of compound 4.35 recorded at room temperature displayed very 
broad signals for the CH2 protons in the central cycloheptane ring. However, at low 
temperature the broad signals sharpened into well-defined doublets suggesting conformational 
isomerism at room temperature. Interestingly, compound 4.36 that has the smaller hydroxy 
group at the benzylic 5-position of the tricyclic ring, does not display broadened NMR signals 
at room temperature. We suggest that the deoxygenation reactions occur as depicted in Fig. 
4.43. 
 
Entry Reaction conditions Products / % 
1 NaBH4, CeCl3 (1 equiv), MeOH, rt, 15 min. 3.2 (30) 4.29 (38) 4.30 (10) - 
2 NaBH4, MeOH, rt, 15 min. 3.2 (10) - - - 
3 NaBH4, CeCl3 (1 equiv), t-BuOH, rt, 15 min. 3.2 (55) - 4.30 (10) - 
4 NaBH4, CeCl3 (3 equiv), t-BuOH, rt, 15 min. 3.2 (40) - 4.30 (5) 4.31 (16) 
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O
2.33
C
H
OH
4.37
(60%)
S
O
S
H3CO
S
HO
S
H
H3CO HO
O
OH
2.22
4.32 4.33 4.34
2.27 4.35 4.36
(30%) (33%) (25%)
(50%) (17%)
+ +
+
i
i
i
 
Reagents and conditions: i) NaBH4, CeCl3 (1 equiv.), MeOH, rt, 15 min 
Fig. 4.42: Reduction of other dienones with NaBH4/CeCl3 
 
O H OH
HO
RO
ROH
H2O
H
HH
OH
NaBH4 CeCl3
NaBH4
CeCl3
 
Fig. 4.43: Suggested pathway for the deoxygenation of dienones during NaBH4/CeCl3 
reduction 
 
The expected 1,6-addition is likely to be retarded owing to steric hindrance in the vicinity of the 
methide carbon, while 1,2-reduction of the carbonyl groups is expected to be relatively facile. 
 
4.2.3 LAH reduction 
 
Dienones 2.22 and 2.23 were reacted with LAH in order to compare the products with those 
obtained from the NaBH4 reductions. 
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Table 4.4: Products from LAH reduction of QM’s 2.22 and 2.23 
 
 
 
 
 
The main products of LAH reduction are similar to those resulting from NaBH4, in the form of 
phenols. Some over-reduction of the cyclohexadienone ring to phenyl was also observed, but 
in lower yield when compared to the NaBH4 reductions. 
 
4.3 Oxidation 
 
Oxidation of the tris-benzylic carbon to the corresponding alcohol in the compounds obtained 
in Chapter 3 (from the acid-catalyzed reaction of 2.24 with alcohols) would be expected to 
enhance their potential as host compounds during enclathration reactions.56 Oxidation with 
manganese dioxide was attempted first using 3.22 as substrate, but without success. Use of 
KMnO4 in conjunction with a phase transfer catalyst (18-crown-6) resulted in decomposition of 
the starting material. Similar decomposition has been reported to result from oxidation of 3.22 
suspended on silica gel with ozone.57 DDQ in glacial acetic acid has been reported to oxidise 
benzylic carbons to benzyl alcohols without affecting other hydroxyl groups present.58 Hence 
DDQ oxidations were successful for several of our compounds (Fig. 4.44). 
 
                                                 
56
 A. Levy, P.U. Biedermann, S. Cohen and I. Agranat, J. Chem. Soc., Perkin Trans 2, 2000, 725. 
57
 Z. Cohen, E. Keinan, Y. Mazur and T.H. Varkony, J. Org. Chem., 1975, 40(14), 2141. 
58
 M. Bouquet, A. Guy, M. Lemaire and J.P. Guetté, Synth. Comm., 1985, 15(13), 1153. 
Entry Quinone methide Reaction conditions Products / % 
1 2.22 2 equiv. LAH, THF, rt, 2h  4.33 (10) 4.34 (30) 
2 2.23 2 equiv. LAH, THF, rt, 2h 3.2 (60) 4.30 (10) 
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H
O
HO
O
3.22 4.38(65%)
+ 3.22
(33%)
H
O OH
3.34
HO
O OH
4.39
(50%)
+ 3.34
(30%)
H
O
O
HO
O
O
OHH
(50%)3.35
4.40
 
Reagents and conditions: DDQ (1 equiv.), glacial HOAc, rt, 18h 
Fig. 4.44: Benzylic oxidation with DDQ  
 
The only dienone that underwent oxidation with MMPP was the sulphur-containing dienone 
2.22, giving the sulfone 4.41 (Fig.4.45).  
 
S
O
S
O
OO
2.22 4.41
(85%)
 
Reagents and conditions: MMPP, EtOH/H2O, 60°C, 1h 
Fig. 4.45: Oxidation of dienone 2.28 with MMPP 
 
It was possible to regenerate the quinone methide 2.23 from the phenolic derivative 3.2 by 
oxidation with a small excess of DDQ in chloroform (Fig. 4.46). The dienone could be 
recovered quantitatively. 
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H
OH O
(97%)
3.2 2.23
 
Reagents and conditions: DDQ (1.2 equiv.), CHCl3, 20 min, rt 
Fig. 4.46: Oxidation of phenol 3.1 with DDQ 
 
Oxidizing the dimer 4.6 with DDQ also resulted in the formation of dienone 2.23 (Fig. 4.47). 
 
H
H
4.6
O
Reagents and conditions: DDQ (1.2 equiv.), CHCl3, 20 mintes, r.t.
2.23
(quantitative)
 
Fig. 4.47: Oxidation of dimer 4.6 with DDQ 
 
We have also shown that esterification of the hydroxyl group of the hydroxyether 3.38 is 
feasible (Fig 4.48). 
 
H
O
OH
H
O
O S
O
O
CH3
H
O
O C
O
Cl
3.37
4.42
4.43
(35%)
(90%)
i
ii
 
Reagents and conditions: i) p-Toluenesulfonyl chloride, pyridine; ii) 2-chlorobenzoyl chloride, pyridine 
Fig. 4.48: Further functionalization of hydroxyether 3.37  
 
 
 
  
181 
 In conclusion, we have shown that: 
(i) the p-quinone methides of interest to us undergo reductive coupling via the 
carbonyl carbon in the presence of Zn/AlCl3. 
(ii) The p-quinone methide systems are resistant to epoxidation, dichlorocarbenation, 
photochemical and [2+2] cycloaddition and Diels-Alder reactions, probably 
reflecting steric hindrance from the adjacent tricyclic ring system. 
(iii) Diels-Alder adducts form at the 10,11-double bond,when it is present. 
(iv) The p-quinone methides are readily reduced to phenols by a variety of reagents, 
with deoxygenation also occurring in some cases. 
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4.4 Experimental 
 
4.4.1 Aryl coupling: POCl3/PCl5 and Cu-bronze 
 
A mixture of 4-(dibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5-dienone 2.23 (1.0 g, 4.80 
mmol), 1.0 g phosphorus pentachloride and 5 cm3 phosphorus oxychloride was refluxed for 2 
hours. The red solution was cooled and the reactants removed in vacuo. The geminal 
dichloride was reacted without further purification with another 1.0g 2.23 and 2.0 g copper 
bronze in 10 cm3 absolute toluene and the mixture refluxed for 7 hours. The solvent was 
removed under vacuum and the residue subjected to chromatography using 1:1 
hexane:dichloromethane as eluent. 
 
4,4’-(5H-Dibenzo[a,d]cyclohepten-5-yl)-biphenyl (4.6) (0.14 g, 11%), m.p. 181.9-183.0°C; 
νmax(CHCl3)/cm-1 3067.8, 3009.0, 2918.9 (CH), 1612.0, 1510.1, 1438.6, 
1257.4, 1228.6, 1175.3; δH(CDCl3) 5.32 (2H, s, CH), 6.46 (4H, d, J = 8.4Hz, 
Ar-H), 6.54 (4H, d, J = 8.7Hz, Ar-H), 6.74 (4H, s, CH=CH), 7.25-7.55 (16H, m, 
Ar-H); δC(CDCl3) 57.3 (CH), 114.5, 127.1, 128.7, 128.9, 130.3, 130.8, 131.2 
(CH, Ar), 134.4, 135.0, 140.9, 153.9 (quat. Ar); HRMS: m/z (FAB) 535.24126 
(M++H, 12%), 283 (12, C22H19), 270 (100, C21H18), 256 (10, C20H16), 242 (62, C19H14), 214 (9, 
C17H10), 190 (30, C15H10), 154 (10, C12H10), 136 (15, C11H4), 107 (16, C8H11); C42H30 requires 
M++H, 535.242576. 
 
4.4.2 McMurry coupling with Mg/TiCl4 
To a solution of Mg (4 equivalents, 14.0 g.atom) in anhydrous THF kept at 0°C, was slowly 
added TiCl4 (1.4 equivalents, 4.92 mmol). After stirring at 0°C for 30 minutes, the solution 
turned black and almost all of the magnesium had dissolved. A solution of 4-
(dibenzo[a,d]cyclohepten-5-ylidene)-4H-naphthalen-1-one (2.26) (1.0 g, 3.0 mmol) in 
anhydrous THF, was then added. The reaction mixture was allowed to rise to 
room temperature and stirred overnight. The reaction was quenched with K2CO3, 
extracted with dichloromethane and dried over Na2SO4. The solvent was 
removed in vacuo and the residue subjected to chromatography using 1:1 
hexane:dichloromethane as eluent to give 4-(5H-dibenzo[a,d]cyclohepten-5-yl)-naphthalen-
1-ol (4.9) (0.59 g, 50%), as a dark-brown gum; νmax(CHCl3)/cm-1 3594.0, 3390.2 (OH),  3063.4, 
3010.1, 2891.8 (CH), 1625.7 (naphthyl), 1599.7, 1491.3, 1455.8, 1372.2, 1302.1, 1258.0, 
1226.0, 1138.5, 1057.1; δH(CDCl3) 6.09 (2H, s (broad), CH and OH (phenolic)), 6.55 (1H, d, J 
= 8.0Hz, Ar-H), 6.79 (1H, dd, J1 = 0.7 and J2 = 8.0Hz, Ar-H), 6.90 (2H, s, CH=CH), 7.28-7.42 
(6H, m, Ar-H), 7.48 (2H, d of t, J1 = 1.7 and J2 = 7.3Hz, Ar-H), 7.73 (2H, d, J = 7.3Hz, Ar-H), 
H
H
H
OH
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8.25 (2H, m, Ar-H); δC(CDCl3) 56.4 (CH), 107.3, 122.9, 124.5, 125.2, 125.6, 126.3, 126.4, 
126.8, 127.4, 129.3, 130.1, 130.7, 131.6 (CH, Ar), 133.4, 135.7, 140.9, 151.2 (quat. Ar); 
HRMS: m/z 334.135802 (M+, 100%), 314.8793 (10.87, C25H15), 299.9060 (22.97, C24H12), 
191.9480 (24.23, C15H12), 190.9350 (76.01, C15H11), 188.9156 (32.05, C15H9), 177.9373 (65.38, 
C14H10), 164.9263 (22.89, C13H9), 157.9315 (32.15, C11H10O), 127.9534 (19.52, C10H8), 
101.9604 (25.03, C8H6), 75.9692 (C6H4, 26.41), C25H18O requires M+, 334.135765. 
 
4.4.3 Reductive coupling under pinacolation conditions 
 
General method 
 
A suspension of Zn (24 mg.atom) in acetonitrile (30 cm3) containing the quinone methide  
(3.51 mmol) and AlCl3 (12 mmol) was irradiated ultrasonically at 35°C fo r 30 minutes until the 
brightly coloured solution (a different colour is obtained for each quinone methide used) 
changed to milky white. The reaction was quenched with aqueous NH4Cl and the resulting 
Zn(OH)2 filtered off. The filtrate was extracted with CH2Cl2 (3 × 20 cm3) and the combined 
extracts evaporated in vacuo. Chromatography on silica gel with CH2Cl2/hexane (1:1, v/v) gave 
the resultant coupled product.  
 
4-(Dibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5,-dienone 2.23 (1.0 g, 3.54 mmol) gave 
4.6, (0.89 g, 95%).  
 
4-(6H-dibenzo[b,e]thiepin-11-ylidene)cyclohexa-2,5-dienone (2.22) (1.1 g, 3.51 mmol) gave 
4,4’-(6,11-Dihydro-dibenzo[b,e]thiepin-11-yl)-biphenyl  (4.10) (0.76 g, 80%), 
m.p. 178.7-181.0°C; νmax(CHCl3)/cm-1 3019.9 (CH), 1612.2, 1592.9, 1509.8, 
1475.7, 1430.1, 1259.8, 1223.0, 1174.0, 1043.6; δH(CDCl3) 3.15 (2H, d, J = 
13.9Hz, SCH2), 4.20 (2H, d, J = 13.9Hz, SCH2), 5.22 (2H, s, CH), 6.75 (4H, d, J 
= 8.7Hz, Ar-H), 6.86 (4H, dd, J1 = 0.9 and J2 = 7.3Hz, Ar-H), 7.03-7.42 (16H, m, 
Ar-H); δC(CDCl3) 33.4 (SCH2), 58.1 (CH), 115.7, 125.4, 127.9, 128.2, 128.6, 
128.7, 129.2, 129.5, 129.6, 131.1, 133.6 (CH, Ar), 134.9, 136.3, 136.4, 142.3, 154.4 (quat. Ar); 
HRMS: m/z (FAB) 576.194905 (M++2, 15%), 380 (5, C27H24S), 326 (11, C20H22S2), 304 (17, 
C21H20S), 290 (4, C20H18S), 271 (10. C19H11S), 227 (12, C13H7S2), 213 (66, C12H5S2), 195 (11, 
C13H7S), 178 (15, C14H10), 166 (13, C13H10), 154 (70, C12H10), 136 (100, C8H8S), 123 (31, 
C7H7S), 107 (42, C6H3S); C40H32S2 requires M++2, 576.194545. 
 
 
 
S
H
S
H
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4-(Dibenzo[a,d]cyclohepten-5-ylidene)-4H-naphthalen-1-one (2.26) (1.2 g, 3.51 
mmol) gave 4,4’-(5H-Dibenzo[a,d]cyclohepten-5-yl)-[1,1’]binaphthalenyl 
(4.11) (0.14 g, 15%), decomposes without melting at temperatures > 400°C; 
νmax(CHCl3)/cm-1 3068.0, 3009.9 (CH), 1625.1 (Ar, naphthyl), 1598.9, 1517.0, 
1492.4, 1497.2, 1373.1, 1303.4, 1279.2, 1228.4, 1140.3, 1059.3, 999.1, 908.7; 
δH(CDCl3) 6.06 (2H, s, CH), 6.55 (2H, d, J = 8.0Hz, Ar-H), 6.77 (2H, d, J = 8.0Hz, 
Ar-H), 6.87 (4H, s, CH=CH), 7.3-7.42 (12H, m, Ar-H), 7.46 (4H, t, J1 = 1.6 and J2 = 7.5Hz, Ar-
H), 7.70 (4H, d, J = 7.5Hz, Ar-H), 8.19 (2H, m, Ar-H), 8.27 (2H, m, Ar-H); δC(CDCl3) 56.3 (CH), 
107.3, 122.9, 124.4, 125.2, 126.2 (CH, Ar), 126.3 (quat. Ar), 126.8, 127.4, 129.3, 130.1, 130.6 
(CH, Ar), 131.3 (quat. Ar), 131.6 (CH, Ar), 133.3, 135.7, 140.8, 151.2 (quat. Ar); HRMS: m/z 
(FAB) 635.274027 (M+, 18%), 334 (12, C26H22), 302 (6, C24H14), 281 (15, C22H17), 251 (5, 
C20H11), 221 (17, C17H17), 207 (27, C16H15), 191 (60, C15H11), 165 (13, C13H9), 147 (80, C11H15), 
123 (55, C9H15), 109 (100, C8H13); C50H34 requires M+, 635.273876. 
 
4-(1,3-Dimethyl-6H-dibenzo[b,e]oxepin-11-ylidene)cyclohexa-2,5-dienone (2.30) (1.1 g, 3.51 
mmol) gave 4,4’-(1,3-Dimethyl-6,11-dihydro-dibenzo[b,e]oxepin-11-yl)-
biphenyl (4.12) (0.49 g, 52%), as a colourless gum; νmax(CHCl3)/cm-1 
2923.9 (CH), 1613.2, 1568.6, 1509.1, 1445.0, 1304.1, 1258.7, 1174.1, 
1070.5, 908.8; δH(CDCl3) 2.23 (6H, s, CH3), 2.39 (6H, s, CH3), 4.72 (2H, d, 
J = 14.0Hz, OCH2), 5.30 (2H, d, J = 14.0Hz, OCH2), 5.32 (2H, s, CH), 6.63 
(4H, d, J = 8.7Hz, Ar-H), 6.70 (2H, s, Ar-H), 6.78 (2H, s, Ar-H), 6.84 (4H, d, J = 8.0Hz, Ar-H), 
7.17 (2H, d, J1 = 2.0 and J2 = 7.7Hz, Ar-H), 7.25-7.34 (4H, t, Ar-H), 7.42 (2H, d, J1 = 2.0 and J2 
= 7.7Hz, Ar-H); δC(CDCl3) 20.9, 21.3 (CH3), 49.4 (CH), 71.2 (OCH2), 115.5, 120.1, 126.1 (CH, 
Ar), 126.8 (quat. Ar), 127.8, 128.4, 128.6, 128.7, 131.2 (CH, Ar), 136.7, 137.0, 137.9, 138.4, 
141.6, 154.2, 157.4 (quat. Ar); HRMS: m/z (FAB) 599.294088 (M++1, 10%), 400 (8, C30H24O), 
316 (17, C22H20O2), 299 (10, C22H19O), 223 (37, C16H15O), 195 (41, C14H11O), 179 (19, C14H11), 
165 (23, C13H9), 147 (100, C10H11O), 136 (40, C9H12O), 123 (60, C8H11O), 109 (94, C8H13); 
C44H38O2 requires M++1, 599.295006. 
 
4.4.4 Photolysis Reactions 
 
General method 
 
A benzene solution of 4-(dibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5,-dienone 2.23, 
(1 g, 3.54 mmol) was irradiated (Hanovia 250W lamp) through pyrex for 24 hours. The solvent 
was removed in vacuo and the residue subjected to chromatography using an 80:20 mixture of 
hexane:dichloromethane as eluent, giving: 
 
H
H
O
H
O
H
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5-(4-Hydroxy-phenyl)-5H-dibenzo[a,d]cyclohepten-5-ol (4.16) (0.74 g, 70%); m.p. 171.9-
174.1°C; νmax/cm-1 (CHCl3) 3599.8, 3321.7 (OH, H-bonded), 1610.7, 1594.5, 
1510.0, 1435.9, 1329.1, 1262.0, 1175.2, 1113.7, 911.4; δH(CDCl3) 2.31 (1H, s, 
OH), 4.93 (1H, s, OH (phenolic)), 6.52 (4H, d, J = 3.0Hz, Ar), 6.72 (2H, s, 
CH=CH), 7.35 (4H, m, Ar), 7.52 (2H, m, Ar), 8.2 (2H, d, J = 8.2Hz, Ar); 
δC(CDCl3) 78.7 (C-OH), 114.8, 124.9, 127.1, 128.5, 128.6, 129.2, 131.7, 133.6 (CH, Ar), 138.8, 
142.9, 155.2 (quat. C, Ar); HRMS: m/z 300.115004 (M+, 100%), 207.0906 (25.13, C15H11O), 
178.0874 (61.0, C14H10), 121.0418 (27.65, C7H6O2), 65.0518 (15.03, C5H5); C21H16O2 requires 
M+, 300.115030. Some unreacted starting material (0.20 g, 20%) was recovered. 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2-methoxy-2,5-dienone (2.29) (1.1 g, 3.54 
mmol) gave 4-(10,11-Dihydro-dibenzo[a,d]cyclohepten-5-ylidene)-2-hydroxy-cyclohexa-
2,5-dienone (4.22) (0.48 g, 50%); m.p. 179.2-181.4°C; νmax/cm-1 (CHCl3) 3417.7 
(OH), 3064.1, 3011.7, 2924.6 (CH), 1619.1 (C=O), 1581.2, 1522.1, 1444.1, 1385.0, 
1262.7, 1232.2, 1195.2, 1126.9, 883.9, 835.5; δH(CDCl3) 2.90 (2H, m, CH2CH2), 
3.35 (2H, m, CH2CH2), 3.95 (1H, m, OH), 6.57 (1H, d, J = 9.9Hz, -CH=CH-), 6.80 
(1H, s, -CH=COH-), 6.90 (1H, d, J = 2.5Hz, Ar-H), 7.17 (1H, d, J1 = 2.0 and J2 = 8.1Hz, Ar-H), 
7.20-7.38 (6H, m, Ar-H), 7.54 (1H, dd, J1 = 2.5 and J2 = 9.8Hz, -CH=CH-); δC(CDCl3) 32.7 and 
32.8 (CH2), 110.2, 125.8, 125.9, 126.2, 129.4 (CH, Ar), 129.4 (quat. Ar), 129.5, 129.9 (CH, Ar), 
129.9 (quat. Ar), 130.1, 130.2 (CH, Ar), 138.2, 138.7, 138.9, 139.1 (quat. Ar), 139.6 (CH, Ar), 
149.5, 160.8 (quat. Ar), 181.2 (C=O); HRMS: m/z 300.11790 (M+, 100%), 283.11288 (58.99, 
C21H15O), 260.10353 (67.85, C19H16O), 254.10797 (31.00, C19H10O), 245.07966 (26.18, 
C18H13O), 239.08571 (26.12, C19H11), 202.07737 (19.57, C16H10), 165.06731 (11.77, C13H9), 
152.06141 (7.43, C12H8), 113.03955 (12.19, C6H9O2), 94.04211 (25.81, C6H6O); C21H16O2 
requires M+, 300.11503. 
 
4.4.5 Diels-Alder Reactions 
 
4-(Dibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5,-dienone 2.26 (1.0 g, 3.54 mmol) was 
refluxed in ethylene glycol and excess 2,3-dimethyl-buta-1,3-diene (5 equivalents) added. The 
reaction mixture was refluxed for 4 hours after which it was cooled and poured into water. The 
aqueous mixture was extracted with dichloromethane and the organic extracts combined and 
dried over Na2SO4. The solvent was removed in vacuo and the residue subjected to 
chromatography. 
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4-(2,3-Dimethyl-1,4-dihydro-tribenzo[a,c,e]cyclohepten-9-ylidene)-4H-naphthalen-1-one 
(4.23) (0.74 g, 60%); m.p. 164.6-166.8°C; νmax/cm-1 (CHCl3) 3065.0, 3013.2, 
2916.1 (CH), 1678.3 (C=O), 1595.9 (naphthyl), 1484.0, 1430.5, 1356.4, 1237.3, 
951.6, 799.5; δH(CDCl3) 1.35 (3H, s, CH3), 1.64 (3H, s, CH3), 2.28 (1H, d (broad), 
J = 17.0Hz, -CH2-), 3.0 (1H, d, J = 1.7Hz, -CH2-), 3.22 (1H, t, J = 5.3Hz, -CH-), 
3.52 (1H, quintet, J = 6.0Hz, -CH-), 6.39 (1H, dd, J1 = 1.0 and J2 = 8.0Hz, -
CH=CH-), 7.69-7.08 (2H, overlapping t, Ar-H), 7.1-7.5 (10H, m, Ar-H), 8.05 (1H, d, J1 = 1.2 and 
J2 = 8.0Hz, -CH=CH-); δC(CDCl3) 19.3, 19.4 (CH3), 31.2, 32.9 (CH2), 38.1, 48.7 (CH), 124.3, 
124.6 (quat. Ar), 127.2, 127.3, 127.3, 127.6, 127.6, 128.4, 128.6, 128.7, 128.7, 129.3, 130.8, 
131.4, 131.7, 132.4 (CH, Ar), 132.7, 135.2, 135.3, 136.7, 137.9, 138.4, 139.9, 140.0 (quat. Ar), 
199.4 (C=O); HRMS: m/z 414.198305 (M+, 42.29%), 332.8932 (29.19, C25H17O), 331.9150 
(100, C25H16O), 314.8650 (11.26, C25H15), 302.9267 (33.83, C24H15), 288.9056 (18.24, C23H13), 
190.9933 (48.66, C15H11), 189.9704 (48.15, C15H10), 177.9751 (11.71, C14H10), 164.9539 (9.12, 
C13H9), 150.9615 (6.09, C12H8), 91.0729 (5.28, C7H7); C31H26O requires M+, 414.198366. 
 
According to the general method, 4-(dibenzo[a,d]cycloheptan-5-
ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.54 mmol) gave 2-[4-(5H-
dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-ethanol (3.34) (0.80g, 72%).  
 
4.4.6 Arynes 
 
General procedure 
 
To a solution of 4-(10-bromodibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5-dienone (2.25) 
(1 g, 2.77 mmol) in anhydrous ether (50 cm3), was added KOBut (2 equivalents) and excess 
furan (5 equivalents). The reaction mixture was stirred at room temperature overnight and 
poured into water. The mixture was extracted with diethyl ether, the organic extracts combined 
and dried over Na2SO4. The solvent was removed in vacuo and the residue subjected to 
chromatography using 1:1 hexane:dichloromethane as eluent. 
 
4-(3’’,6’’-epoxy-3’’,6’’-dihydro-tribenzo[a,c,e]cycloheptatrien-5-ylidene)-cyclohexa-2,5-
dienone (4.24) (0.52 g, 54%); m.p. 247.6-248.6°C; νmax/cm-1 (CHCl3) 3009.1 
(CH), 1633.4 (C=O), 1557.8, 1525.3, 1383.2, 1203.6, 1162.3; δH(CDCl3) 5.92 
(2H, s,  -CH), 6.40 (2H, d, J
 
= 10.1Hz, -CH=CH-), 7.30 (4H, d, J
 
= 10.0Hz, -
C=CH- and Ar-H), 7.37 (2H, s, -CH), 7.40 – 7.58 (6H, m, Ar-H); δC(CDCl3) 85.7 
(HC-O), 121.9, 128.8, 129.0, 129.7, 129.8 (CH, Ar), 130.5, 132.4, 132.8 (quat. 
Ar), 137.9, 141.9 (CH, Ar), 148.9, 156.0 (quat. Ar), 187.3 (C=O); HRMS: m/z 348.113281 
(100%, M+), 320.120979 (51, C24H16O), 276.092857 (28, C22H12), 263.079079 (33, C21H11), 
O
O
H
O OH
O
  
187 
255.072704 (22, C20H15), 250.077499 (16, C20H10), 239.090374 (11, C16H15O2), 207.078114 
(10, C16H15), 154.992020 (17, C12H11), 138.0468 (13, C11H6), 51.0046 (19, C4H3); C25H16O2 
requires M+ 348.115030. 
 
4-(10-Bromodibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5-dienone (2.25) was reacted with 
KtOBu according to the general procedure in the presence of sodium azide and gave 4-(10-
hydroxy-dibenzo[a,d]cyclohepten-5-ylidene)-cyclohexa-2,5-dienone (4.25) 
(0.58 g, 70%); m.p. 128.9-130.2°C; νmax/cm-1 (CHCl3) 3420.1 (OH), 3062.0, 
3007.7, 2979.6 (CH), 1633.8 (C=O), 1560.5, 1531.0, 1471.8, 1367.3, 1232.2, 
1164.0, 1124.1, 1068.8, 890.0, 868.1; δH(CDCl3) 6.41 (1H, dd, J1 = 2.0 and J2 = 
10.2Hz, -CH=CH-), 6.44 (1H, dd, J1 = 2.0 and J2 = 10.2Hz, -CH=CH-), 6.72 (1H, 
s, OH), 7.27-7.50 (10H, m, Ar-H and CH=COH), 7.90 (1H, dd, J1 = 1.8 and J2 = 8.7Hz, Ar-H); 
δC(CDCl3) 80.6 (C-OH), 121.1, 127.1, 127.6, 127.9, 128.2, 128.5, 128.8, 129.1, 129.2, 129.7, 
129.8 (CH, Ar),  133.6, 135.7, 135.8, 136.1 (quat. Ar), 137.6, 137.9 (CH, Ar), 152.1, 157.5 
(quat. Ar), 187.3 (C=O); HRMS: m/z 298.098484 (M+, 25.30%), 270.104678 (52.14, C20H14O), 
239.089488 (24.88, C19H11), 226.080741 (13.0, C18H10), 215.089855 (10.51, C16H7O), 
68.997291 (6.60, C4H5O), 57.072819 (100, C3H5O); C21H14O2 requires M+, 298.099380. 
 
4.4.7 Catalytic Hydrogenation 
 
General method  
 
A solution of the quinone methide (1.0 g) in methanol was stirred at room temperature in a 
hydrogenator for 24 hours under a hydrogen pressure of 200 psi with a catalytic amount of 
Pd/C. The catalyst was subsequently filtered off and the solvent evaporated. The residue was 
subjected to chromatography using 1:1 hexane:dichloromethane as eluent.  
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-dienone (2.24) (1.0 g, 3.51 mmol) gave 
5-(4-Hydroxyphenyl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl (3.3) (0.95g, 95%), 
m.p. 144.8-146.7°C, νmax(CHCl3)/cm-1 3595.0 and 3315.5 (OH), 2873.5 (CH), 
1611.6, 1593.0, 1508.7, 1446.1, 1383.0, 1361.3, 1330.0, 1263.6, 1228.2, 1174.2, 
1108.9; δH(CDCl3) 2.78 (2H, m, CH2CH2), 3.15 (2H, m, CH2CH2), 4.91 (1H, s, OH 
(phenolic)), 5.20 (1H, s, CH), 6.68 (2H, d, J = 8.73Hz, Ar-H), 6.75 (2H, d, J = 
8.64Hz, Ar-H), 7.14-7.38 (8H, m, Ar-H); δC(CDCl3) 32.6 (CH2CH2), 57.9 (CH), 115.2, 126.465, 
127.6, 128.8, 131.2, 131.8 (CH, Ar), 138.3, 140.3, 140.9, 153.9 (quat. Ar); HRMS: m/z 
286.135292 (M+, 64.69%), 209.1150 (44.84, C15H13O), 193.1082 (69.64, C15H13), 192.0998 
(100.0, C15H12), 178.0931 (42.34, C14H10), 165.0858 (31.66, C13H9), 152.0731 (11.75, C12H8), 
91.0635 (14.70, C7H7); C21H18O requires M+ 286.135765. 
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4-(Dibenzo[a,d]cycloheptan-5-ylidene)-4H-naphthalen-1-one (2.26) (1.0 g, 3.0 mmol) gave 4-
(5H-dibenzo[a,d]cyclohepten-5-yl)-naphthalen-1-ol (4.9) (0.35 g, 35%), as 
a dark-brown gum and 4-(10,11-dihydro- 5H-dibenzo[a,d]cyclohepten-5-
yl)-naphthalen-1-ol (4.26) (0.25 g, 25%) as a dark-brown gum;  
νmax(CHCl3)/cm-1 3594.0, 3390.2 (OH), 3063.4, 3010.1, 2891.8 (CH), 1625.7 
(naphthyl), 1599.7, 1491.3, 1455.8, 1372.2, 1302.1, 1258.0, 1226.0, 1138.5, 1057.1; δH(CDCl3) 
2.75 (2H, m, CH2CH2), 3.42 (2H, m, CH2CH2), 5.83 (1H, s, CH), 6.01 (1H, s (broad), OH 
(phenolic)), 6.68 (1H, d, J = 8.0Hz, Ar-H), 6.98 (1H, d, J = 8.0Hz, Ar-H), 7.13 (2H, d, J1 = 2.3 
and J2 = 7.8Hz, Ar-H), 7.20-7.26 (4H, m, Ar-H), 7.43 (2H, t, J = 5.8Hz, Ar-H), 7.53 (2H, dd, J1 = 
2.3 and J2 = 7.8Hz, Ar-H), 8.30 (2H, d of t, J1 = 3.7 and J2 = 16.6Hz, Ar-H); δC(CDCl3) 57.4 
(CH), 31.1 (CH2CH2), 107.7, 122.8, 124.9, 125.6, 126.6, 126.8, 127.5, 128.6, 131.2, 131.4 
(CH, Ar), 131.4, 131.9, 133.1, 140.4, 141.7, 151.2 (quat. Ar); HRMS: m/z 336.151534 (M+, 
16.47%), 209.0348 (18.25, C15H13O), 192.0399 (100, C15H12), 191.0380 (42.73, C15H11), 
181.0374 (25.25, C14H13), 178.0348 (27.92, C14H10), 165.0148 (16.64, C13H9), 152.0774 (8.79, 
C12H8), 115.0343 (18.98, C9H7), 81.0193 (19.68, C5H5O); C25H20O requires M+, 336.151415. 
 
4-(Dibenzo[a,d]cyclohepten-5-ylidene)-4H-naphthalen-1-one (2.27) (1.0 g, 3.0 mmol) gave 4-
(10,11-dihydro- 5H-dibenzo[a,d]cyclohepten-5-yl)-naphthalen-1-ol (4.26)  (0.61 g, 60%). 
 
4-(Dibenzo[a,d]cycloheptan-5-ylidene)-4H-naphthalen-1-one (2.27) also gave 4-(10,11-
dihydro-dibenzo[a,d]cyclohepten-5-ylidene)-3,4-dihydro-2H-naphthalen-1-one 
(4.27) (0.05 g, 5%), as an orange gum; νmax(CHCl3)/cm-1 3066.8, 3011.6, 2922.3 
(CH), 1681.2 (C=O), 1596.0, 1483.8, 1452.1, 1337.6, 1286.5, 1228.0, 1197.5; 
δH(CDCl3) 2.49 (1H, d of t, J1 = 5.7 and J2 = 13.1Hz, -CH2-), 2.92 (3H, m, -CH2-), 
3.08 (2H, m, CH2CH2), 3.60 (2H, m, CH2CH2), 6.80 (1H, d, J1 = 1.4 and J2 = 7.8Hz, Ar-H), 6.89 
(2H, t, J = 7.7Hz, Ar-H), 7.14 (3H, m, Ar-H), 7.20-7.30 (5H, m, Ar-H), 8.05 (1H, d, J1 = 1.4 and 
J2 = 7.8Hz, Ar-H); δC(CDCl3) 30.1, 32.1, 33.4, 40.6 (CH2), 126.4, 126.4, 127.4, 127.5, 127.8, 
127.9, 128.0, 129.3, 129.9, 130.1, 130.6, 132.4 (CH, Ar), 131.4, 133.4, 137.9, 138.7, 140.1, 
140.3, 142.0, 142.2 (quat. Ar), 198.9 (C=O); HRMS: m/z 336.150520 (88.56%, M+), 279.1798 
(45.02, C22H15), 192.1131 (23.12, C15H12), 191.1074 (50.45, C15H11), 167.0545 (61.53, C13H11), 
149.0325 (100, C10H13O), 113.1452 (20.95, C9H5), 71.0967 (38.46, C4H7O), 57.0801 (57.72, 
C3H5O); C25H20O requires M+ 336.151415. 
 
4-(1,3-Dimethyl-6H-dibenzo[b,e]oxepin-11-ylidene)cyclohexa-2,5-dienone (2.30) (1.0 g, 3.2 
mmol) gave 4-(1,3-Dimethyl-6,11-dihydro-dibenzo[b,e]oxepin-11-yl)-phenol 
(4.28) (0.91 g, 90%) as a light-yellow gum,  νmax(CHCl3)/cm-1 3596.1, 3402.0 
(OH), 3011.0, 2925.2 (CH), 1613.0 (Ar), 1568.4, 1508.7, 1445.2, 1303.8, 
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1257.3, 1174.0, 1070.8; δH(CDCl3) 2.31 (3H, s, CH3), 2.41 (3H, s, CH3), 4.73 (1H, d, J = 
13.9Hz, OCH2), 5.35 (1H, d, J = 14.4Hz, OCH2), 5.38 (1H, s, CH), 6.08 (1H, s, OH (phenolic)), 
6.64 (2H, d, J = 8.7Hz, Ar-H), 6.72 (1H, s, Ar-H), 6.80 (1H, s, Ar-H), 6.85 (2H, d, J = 8.1Hz, Ar-
H), 7.18 (1H, d, J1 = 1.9 and J2 = 7.8Hz, Ar-H), 7.26-7.36 (2H, d of t, J1 = 1.5 and J2 = 7.4Hz, 
Ar-H), 7.43 (1H, dd, J1 = 1.9 and J2 = 7.8Hz, Ar-H); δC(CDCl3) 20.9, 21.2 (CH3), 49.4 (CH), 71.3 
(OCH2), 115.5, 120.1, 126.1 (CH, Ar), 126.9 (quat. Ar), 127.8, 128.4, 128.5, 128.6, 131.2 (CH, 
Ar), 136.7, 137.1, 137.9, 138.4, 141.5, 154.1, 157.4 (quat. Ar); HRMS: m/z 316.147530 (100%, 
M+), 301.1422 (79.27, C21H17O2), 299.1661 (27.43, C21H15O2), 223.1355 (55.29, C16H15O), 
222.1190 (93.81, C16H14O), 209.1112 (79.49, C15H13O), 195.1014 (64.82, C15H15), 194.0914 
(68.58, C15H14), 178.0978 (31.48, C14H10), 165.0900 (40.68, C13H9), 149.0369 (72.15, 
C10H13O), 107.0617 (9.40, C7H7O), 82.9555 (17.86, C5H7O); C22H20O2 requires M+ 316.146330. 
 
4.4.8 Reduction  
 
General method: Sodium borohydride reduction 
 
To a solution of the quinone methide (1.0 g) and anhydrous cerium trichloride hexahydrate (1 
equivalent) in methanol at room temperature, was added excess (8 equivalents) of sodium 
borohydride. The solution was stirred for 15 minutes, water added and the mixture extracted 
with diethyl ether. The organic extracts were combined and dried over Na2SO4. The solvent 
was removed in vacuo and the residue subjected to chromatography using 1:1 
hexane:dichloromethane as eluent. 
 
 
According to the solvent and reaction conditions employed (Table 4.3) the NaBH4-reduction of 
4-(dibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5-dienone (2.23) (1.0 g, 3.54 mmol) gave 
the following products: 
 
1. 5-(4-Hydroxyphenyl)-5H-dibenzo[a,d]cyclohepten-5-yl (3.2) (0.35g, 30%); 
 
2. 5-Methoxy-5-phenyl-5H-dibenzo[a,d]cycloheptene (4.29) (0.40 g, 38%); m.p. 149.5-
151.0°C; νmax(CHCl3)/cm-1 3063.9, 3008.7, 2940.9 (CH), 2830.2  (OCH3), 1596.5, 
1481.1, 1448.1, 1280.1, 1182.3, 1158.3, 1115.4, 1077.8, 966.8, 912.5, 782.0, 
749.9, 701.6; δH(CDCl3) 3.09 (3H, s, OCH3), 6.68 (2H, d, J1 = 1.5 and J2 = 6.3Hz, 
Ar-H), 6.71 (2H, s, CH=CH), 7.09 (2H, d of t, J1 = 1.7 and J2 = 7.0Hz, Ar-H), 7.19 
(1H, d of t, J1 = 1.3 and J2 = 7.3Hz, Ar-H), 7.34 (4H, m, Ar-H), 7.51 (2H, m, Ar-H), 8.07 (2H, d, 
J = 7.9Hz, Ar-H); δC(CDCl3) 53.374 (OCH3), 84.108 (C-OCH3), 125.1, 126.7, 127.1, 127.8, 
128.4, 129.2 (CH, Ar), 129.6 (quat. Ar), 131.6 (CH, Ar), 133.9, 140.3, 141.8 (quat. Ar); HRMS: 
H3CO
  
190 
m/z 298.135704 (M+, 100%), 267.1359 (72.75, C21H15), 252.1026 (9.10, C20H12), 221.1089 
(13.46, C16H13O), 178.0904 (22.93, C14H10O), 105.0399 (89.17, C7H5O), 77.0443 (33.01, C6H5); 
C22H18O requires M+, 298.135765. Other products that were isolated from NaBH4-reduction of 
dienone 2.23 included: 
 
3. 5-Phenyl-5H-dibenzo[a,d]cyclohepten-5-ol (4.30) (0.10 g, 10%); m.p. 158.0-160.0°C; 
νmax(CHCl3)/cm-1 δH(CDCl3) 2.23 (1H, s, OH), 6.68  (2H, q, J = 7.0Hz, Ar-H), 
6.71 (2H, s, CH=CH), 7.09 (2H, t, J1 = 1.8 and J2 = 6.1Hz, Ar-H), 7.18 (1H, d of 
t, J1 = 1.3 and J2 = 6.8Hz, Ar-H), 7.35 (4H, m, Ar-H), 7.53 (2H, dd, J1 = 2.7 and 
J2 = 5.7Hz,m Ar-H), 8.22 (2H, d, J = 7.9Hz, Ar-H); δC(CDCl3) 79.1 (C-OH), 124.9, 127.0, 127.1, 
128.1, 128.1, 128.5, 129.1, 131.7 (CH, Ar), 133.6, 142.7, 146.3 (quat. Ar); HRMS: m/z 
284.120207 (M+, 75.46%), 255.1291 (53.62, C20H15), 207.0908 (47.15, C15H11O), 179.0911 
(100, C14H11), 178.0891 (86.60, C14H10), 152.0717 (9.19, C12H8), 105.0378 (27.98, C7H5O), 
77.0452 (17.16, C6H5); C21H16O requires M+, 284.120115. 
 
4. 5-Phenyl-5H-dibenzo[a,d]cycloheptene (4.31) (0.15 g, 16%), m.p. 132.2-133.5°C; 
νmax(CHCl3)/cm-1 3062.3 and 3012.5 (CH), 1597.1, 1493.3, 1446.6, 1305.4, 
1223.3, 1031.9, 670.3, 612.8; δH(CDCl3) 5.49 (1H, s, benzylic), 6.73 (2H, m, Ar-
H), 6.84 (2H, s, CH=CH), 7.17 (3H, m, Ar-H), 7.40-7.60 (8H, m, Ar-H); 
δC(CDCl3) 58.0 (CH), 126.4, 127.3, 127.6, 127.8, 129.0, 130.3, 130.9, 131.4 (CH, Ar), 135.2, 
140.8, 142.4 (quat. Ar); HRMS: m/z 268.12331 (M+, 100%), 265.10222 (11.36, C21H13), 
191.08534 (55.50, C15H11), 179.0876 (10.44, C14H11), 165.06485 (9.52, C13H9); C21H16 requires 
M+ 268.12520. 
 
The NaBH4-reduction of 4-(6,11-dihydro-dibenzo[b,e]thiepin-11-ylidene)-cyclohexa-2,5-
dienone (2.22) (1.0 g, 3.31 mmol) gave: 
 
1. 11-Methoxy-11-phenyl-6,11-dihydro-dibenzo[b,e]thiepine  (4.32)  (0.31 g, 30%); m.p. 
143.1-145.0°C; νmax(CHCl3)/cm-1 3061.5, 3013.9 (CH), 2940.4, 2830.3 (OCH3), 
1561.9, 1480.3, 1460.8, 1448.5, 1252.0, 1210.0, 1161.0, 1071.2, 1061.8, 962.6, 
919.8; δH(CDCl3) 3.06 (3H, s, OCH3), 3.35 (1H, d, J = 13.3Hz, SCH2), 3.63 (1H, d, 
J = 13.3Hz, SCH2), 7.11-7.43 (11H, m, Ar-H), 7.79 (1H, dd, J1 = 1.8 and J2 = 8.4Hz, Ar-H), 8.01 
(1H, d, J = 7.8Hz, Ar-H); δC(CDCl3) 35.5 (SCH2), 53.0 (OCH3), 84.5 (C-OCH3), 125.6, 125.7, 
127.2, 127.9, 128.2, 128.5, 128.6, 128.7, 129.8, 130.6, 130.6 (CH, Ar), 131.0, 134.6, 138.8, 
138.9, 145.1 (quat. Ar); HRMS: m/z 318.107744 (M+, 14.16%), 287.1007 (28.34, C20H15S), 
286.1032 (100, C20H14S), 254.1287 (16.08, C20H14), 209.1078 (19.92, C14H9S), 178.0927 
(12.33, C14H10), 105.0411 (15.77, C7H5O), 77.0465 (11.10, C6H5); C21H18OS requires M+, 
318.107837. 
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2. 11-Phenyl-6,11-dihydro-dibenzo[b,e]thiepin-11-ol  (4.33)  (0.33 g, 33%); m.p. 200.0-
202.7°C; νmax(CHCl3)/cm-1 3601.3 and 3386.7 (OH), 3061.6 and 3009.7 (CH), 
1600.0, 1490.5, 1465.3, 1448.3, 1327.2, 1156.9, 1011.8, 906.5; δH(CDCl3) 2.37 
(1H, s, OH), 3.24 (1H, d, J = 13.6Hz, SCH2), 3.70 (1H, d, J = 13.6Hz, SCH2), 
7.10-7.40 (11H, m, Ar-H), 8.09 (2H, t, J1 = 1.3 and J2 = 8.6Hz, Ar-H); δC(CDCl3) 34.6 (SCH2), 
79.2 (C-OH), 125.4, 125.5, 126.9, 127.3, 128.2, 128.3, 128.8, 128.9, 129.4, 129.5, 129.9 (CH, 
Ar), 132.1, 134.4, 139.2, 145.1, 145.7 (quat. Ar); HRMS: m/z 304.092133 (M+, 79.49%), 
286.1054 (24.49, C20H14S), 253.1199 (9.36, C20H13), 227.0763 (12.99, C14H11OS), 213.0589 
(17.68, C13H9OS), 195.0976 (100, C13H7S), 165.0835 (49.73, C13H9), 152.0700 (14.84, 
C8H8OS), 139.0643 (5.07, C7H7OS), 105.0417 (19.18, C7H5O), 91.0603 (22.20, C7H7), 77.0442 
(38.16, C6H5); C20H16OS requires M+, 304.092187. 
 
3. 4-(6,11-Dihydro-dibenzo[b,e]thiepin-11-yl)-phenol (4.34)  (0.25 g, 25%); m.p. 172.6-
174.9°C; νmax(CHCl3)/cm-1 3595.8 and 3319.9 (OH), 3014.0 (CH), 1612.3, 
1592.9, 1509.6, 1475.6, 1429.8, 1260.0, 1174.0, 1043.7, 908.8; δH(CDCl3) 
3.16 (1H, d, J = 13.9Hz, SCH2), 4.20 (1H, d, J  = 13.9Hz, SCH2), 5.23 (1H, s, 
CH), 5.16 (1H, s (broad), OH (phenolic)), 6.74 (2H, d, J = 8.7Hz, Ar-H), 6.87 
(2H, d, J = 8.0Hz, Ar-H), 7.07-7.14 (7H, m, Ar-H), 7.40 (1H, m, Ar-H); δC(CDCl3) 33.4 (SCH2), 
58.1 (CH), 115.8, 125.4, 127.9, 128.2, 128.6, 128.7, 128.7, 129.2, 129.6, 131.1, 133.6 (CH, 
Ar), 134.9, 136.3, 136.4, 142.3, 154.3 (quat. Ar); HRMS: m/z 304.092116 (M+, 100%), 
271.0840 (41.81, C20H15O), 210.0286 (26.71, C14H10S), 195.0616 (24.21, C13H7S), 178.0629 
(24.02, C14H10), 165.0589 (10.06, C13H9); C20H16OS requires M+, 304.092187. 
 
NaBH4-reduction of 4-(dibenzo[a,d]cyclohepten-5-ylidene)-4H-naphthalen-1-one (2.26) (1.0 g,  
3.0 mmol) gave:  
 
1. 5-Methoxy-5-naphthalen-1-yl-10,11-dihydro-dibenzo[a,d]cycloheptene (4.35)  (0.53 g, 
50%); m.p. 186.9-188.6°C; νmax(CHCl3)/cm-1 3059.5, 3008.8 (CH), 2940.4 
(OCH3), 1597.4, 1478.9, 1455.6, 1223.4, 1113.2, 1074.4; δH(CDCl3) 2.98 (4H, s 
(broad), CH2CH2), 3.15 (3H, s, OCH3), 7.0 (2H, s (broad), Ar-H), 7.1-7.48 (8H, m, 
Ar-H), 7.86 (3H, t, J = 9.0Hz, Ar-H), 8.07 (2H, s (broad), Ar-H); δC(CDCl3) (CH2-
signals do not show up in the dept 13C; see discussion of 3.57 in chapter 3) 53.4 (OCH3), 
124.7, 125.9, 126.6, 127.5, 128.9, 129.7 (CH, Ar), 131.9, 134.8 (quat. Ar); HRMS: m/z 
350.130512 (M+, 100%), 319.1504 (59.42, C25H19), 223.1177 (19.01, C16H15O), 207.0864 
(11.47, C16H15), 191.0944 (14.92, C15H11), 155.0520 (86.63, C12H11), 127.0641 (31.95, C10H7); 
C26H22O requires M+, 350.130680. 
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2. 5-Naphthalen-1-yl-10,11-dihydro-dibenzo[a,d]cyclohepten-5-ol (4.36)  (0.17 g, 17%); 
m.p. 198.1-200.0°C; νmax(CHCl3)/cm-1 3601.3 and 3406.2 (OH), 3061.1, 3009.5, 
2943.1, 2888.3 (CH), 1598.0, 1483.0, 1456.1, 1394.4, 1318.0, 1222.0, 1157.0, 
1042.9, 1005.0, 906.8, 803.0, 749.8;  δH(CDCl3) 1.74 (1H, s (broad), OH), 2.70 
(4H, m, CH2CH2), 7.05 (2H, d, J = 7.4Hz, Ar-H), 7.21 (4H, m, Ar-H), 7.33 (4H, m, 
Ar-H), 7.83 (2H, dd, J1 = 3.6 and J2 = 7.9Hz, Ar-H), 8.1 (3H, t, J = 5.8Hz, Ar-H); δC(CDCl3) 32.2 
(CH2CH2), 80.5 (C-OH), 124.9, 125.1, 125.9, 126.1, 126.6, 126.7, 127.4, 127.8, 129.1, 129.9 
(CH, Ar), 130.7 (quat. Ar), 131.1 (CH, Ar), 135.5, 137.2, 141.9, 145.8 (quat. Ar); HRMS: m/z 
336.151309 (M+, 72.72%), 209.1071 (49.31, C15H13O), 181.1130 (90.17, C14H13), 180.1050 
(100, C14H12), 165.0841 (23.83, C13H9), 155.0598 (97.53, C11H7O), 128.0737 (48.44, C10H8), 
127.0673 (42.95, C10H7), 103.0651 (25.50, C8H7), 91.0641 (19.61, C7H7); C25H20O requires M+, 
336.151415. 
 
NaBH4-reduction of 4-(naphthalene-1-yl-phenylmethylene)-cyclohexa-2,5-dienone (2.35) (1.0 
g, 3.24 mmol) gave: 
 
 4-(Naphthalen-1-yl)-phenyl-methyl)-phenol (4.37) (0.60 g, 60%) as a straw-coloured gum; 
νmax(CHCl3)/cm-1 3595.5 and 3320.6 (OH), 3061.3 (CH), 1613.6 and 1597.9 
(Ar), 1511.3, 1492.4, 1450.4, 1395.8, 1256.7, 1173.2, 1103.6, 1030.8, 
908.8; δH(CDCl3) 4.49 (1H, s (broad), OH), 6.25 (1H, s, OH), 6.77 (2H, d, J 
= 9.5Hz, Ar-H), 7.01 (3H, J = 8.5Hz, Ar-H), 7.16 (2H, d, J= 6.7Hz, Ar-H), 
7.31 (3H, m, Ar-H), 7.45 (3H, m, Ar-H), 7.79 (1H, d, J = 8.2Hz, Ar-H), 7.90 (1H, d, J1  = 1.7 and 
J2 = 8.4Hz, Ar-H), 8.04 (1H, d, J = 8.0Hz, Ar-H); δC(CDCl3) 52.7 (CH), 115.7, 124.8, 125.7, 
125.9, 126.5, 126.8, 127.8, 127.9, 128.8, 129.1, 130.0, 131.2 (CH, Ar), 132.3, 134.3, 136.2, 
140.7, 144.6, 154.6 (quat. Ar); HRMS: m/z 310.135703 (M+, 100%), 233.1212 (37.63, 
C17H13O), 231.1047 (27.77, C17H11O), 215.1088 (57.54, C17H17), 202.0984 (18.91, C16H10), 
183.0981 (31.26, C13H11O), 165.0902 (14.47, C13H9), 127.0699 (12.00, C10H7), 77.0494 (8.71, 
C6H5); C23H18O requires M+, 310.135765. 
 
General method: LAH reduction 
 
To a solution of the quinone methide (1.0 g) in anhydrous THF at room temperature, was 
added excess (2 equivalents) lithium aluminium hydride under nitrogen. The solution was 
stirred for 2 hours after which water was carefully added and the mixture extracted with diethyl 
ether. The organic extracts were combined and dried over Na2SO4. The solvent was removed 
in vacuo and the residue subjected to chromatography using 1:1 hexane:dichloromethane as 
eluent. 
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The reduction of 4-(6,11-dihydro-dibenzo[b,e]thiepin-11-ylidene)-cyclohexa-2,5-dienone (2.22) 
(1.0 g, 3.31 mmol) with LAH gave 11-phenyl-6,11-dihydro-dibenzo[b,e]thiepin-11-ol  (4.33)  
(0.10 g, 10%) and 4-(6,11-dihydro-dibenzo[b,e]thiepin-11-yl)-phenol (4.34) (0.30 g, 30%).  
 
The reduction of 4-(dibenzo[a,d]cyclohepten-5-ylidene)cyclohexa-2,5-dienone (2.23) (1.0 g, 
3.54 mmol) with LAH gave 5-(4-hydroxyphenyl)-5H-dibenzo[a,d]cyclohepten-5-yl (3.2) (0.60 g, 
60%) and 5-phenyl-5H-dibenzo[a,d]cyclohepten-5-ol (4.30) (0.10 g, 10%). 
 
4.4.9 Oxidation with DDQ 
 
A solution of DDQ (1 mmol) in anhydrous acetic acid (5 cm3) was slowly added at room 
temperature to a solution of substrate (1 mmol) in anhydrous acetic acid (in 5 cm3) and left to 
stir overnight. The DDHQ precipitate was filtered off and the mixture poured into water, 
extracted with ether, the combined extracts washed with Na2CO3 and dried over Na2SO4. The 
solvent was removed in vacuo and the products were separated using TLC and a 1:1 eluent 
mixture of hexane:dichloromethane.  
 
5-(4-Propyloxy-phenyl)-5H-dibenzo[a,d]cyclohepten-5-yl (3.22) (0.4 g, 1.23 mmol) gave 5-(4-
Propyloxy-phenyl)-5H-dibenzo[a,d]cyclohepten-5-ol (4.38) (0.27 g, 65%), 
m.p. 90.2-92.5°C,  νmax(CHCl3)/cm-1 3068.0 (OH), 3011.0, 2966.2, 2879.6 
(CH), 1608.5, 1508.3, 1472.5, 1289.4, 1244.4, 1214.3, 1180.3, 1047.3, 
1019.4, 979.8, 800.6; δH(CDCl3) 1.02 (3H, t, J = 7.5Hz, -CH3), 1.78 (2H, 
sextet, J = 7.1Hz, -OCH2CH2CH3), 2.32 (1H, s, OH), 3.83 (2H, t, J = 6.6Hz, -OCH2-), 6.61 (4H, 
s, Ar-H), 6.75 (2H, s, CH=CH), 7.38 (4H, m, Ar-H), 7.54 (2H, m, Ar-H), 8.24 (2H, d,  J = 7.8Hz, 
Ar-H); δC(CDCl3) 10.9 (CH3), 22.9 (OCH2CH2CH3), 69.7 (OCH2), 78.7 (C-OH), 113.8, 125.1, 
127.0, 128.4, 128.5, 129.1, 131.7 (CH, Ar), 133.7, 138.3, 143.1, 158.9 (quat. Ar); HRMS: m/z 
342.16215 (M+, 100%), 299.11129 (9.65, C22H19O), 281.10199 (9.27, C21H13O), 252.09297 
(4.68, C20H12), 218.98562 (15.02, C16H11O), 207.08042 (21.31, C15H11O), 178.07853 (26.71, 
C14H10), 121.02809 (14.76, C8H9O), 68.99521 (13.98, C4H5O); C24H22O2 requires M+, 
342.16198. 
 
2-[4-(5H-Dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-ethanol (3.34) (0.4 g, 1.22  
mmol) gave 5-[4-(2-Hydroxy-ethoxy)-phenyl]-5H-dibenzo[a,d]cyclohepten-5-ol (4.39) (0.21 
g, 50 %), m.p. 131.6-133.9°C,  νmax(CHCl3)/cm-1 3605.4, 3460.6 (OH), 
3066.3, 3013.8, 2936.1, 2879.6 (CH), 1606.9, 1507.5, 1457.4, 1436.2, 
1293.9, 1247.9, 1179.7, 1114.9, 1076.0, 1042.8, 912.3, 834.9, 795.8; 
δH(CDCl3) 2.27 (1H, s (broad), OH), 2.58 (1H, s, OH), 3.85 (2H, t, J = 
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3.8Hz, -OCH2CH2OH), 3.95 (2H, t, J = 3.7Hz, -OCH2CH2OH), 6.59 (4H, s, Ar-H), 6.72 (2H, s, 
CH=CH), 7.37 (4H, m, Ar-H), 7.50 (2H, m, Ar-H), 8.22 (2H, d, J = 7.9Hz, Ar-H); δC(CDCl3) 61.7, 
69.3 (CH2), 78.6 (C-OH), 113.8, 125.0, 127.1, 128.4, 128.5, 129.2, 131.6 (CH, Ar),  133.6, 
139.0, 143.0, 158.2 (quat. Ar); HRMS: m/z 344.14185 (M+, 100%), 281.09425 (7.96, C21H13O), 
252.08653 (5.19, C20H12), 207.08156 (21.79, C15H11O), 178.08067 (28.40, C14H10), 165.05905 
(14.25, C13H9), 121.03036 (12.62, C8H9O), 68.99521 (7.54, C4H5O); C23H20O3 requires M+, 
344.14124. 
 
Di-[4-(5H-Dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-ethane (3.35) (0.4 g, 
0.67 mmol) gave 1,2-[4-(5H-Dibenzo[a,d]cyclohepten-5-ol)-phenoxy]-
ethane (4.40) (0.20 g, 50%), m.p. 147.4-149.4°C,  νmax(CHCl3)/cm-1 3605.6 
(OH), 3011.5, 2960.8, 2930.1, 2860.4 (CH), 1606.0, 1506.6, 1456.6, 
1292.2, 1243.4, 1179.6, 1073.9, 1019.3, 911.8, 835.2; δH(CDCl3) 2.26 (2H, 
s, OH), 4.14 (4H, s, -OCH2CH2O-), 6.60 (8H, s (broad), Ar-H), 6.71 (4H, s, CH=CH), 7.30-7.38 
(8H, m, Ar-H), 7.52 (4H, dd, J1 = 2.5 and J2 = 7.4Hz, Ar-H), 8.21 (4H, d, J = 7.8Hz, Ar-H); 
δC(CDCl3) 65.6 (CH2), 78.6 (C-OH), 113.9, 124.9, 127.0, 128.4, 128.5, 129.1, 131.7 (CH, Ar), 
133.6, 138.9, 142.9, 158.2 (quat. Ar); HRMS: m/z (FAB) 627.253698 (M++H, 36%), 529 (38, 
C42H25), 392 (100, C27H20O3), 280 (37, C21H12O), 219 (19, C16H11O), 171 (9, C11H7O2); C44H35O4 
requires M++H, 627.253535. 
 
4.4.10 Oxidation 
 
To a solution of 4-(6,11-dihydro-dibenzo[b,e]thiepin-11-ylidene)-cyclohexa-2,5-dienone (2.22) 
(1.0 g, 3.30 mmol) in ethanol/water (1:0.5 v/v; 50 cm3), was added excess 
monomethyl peroxyphthalate (5 equivalents) and the mixture refluxed at 60°C for 
1 hour. The mixture was poured into water and extracted with dichloromethane. 
The organic extracts were combined, dried over Na2SO4 and the solvent 
removed in vacuo before the residue was subjected to chromatography on silica gel plates 
using 1:1 hexane:dichloromethane as eluent to give 4-(6,11-dihydro-dibenzo[b,e]thiepin-5,5-
dioxide-11-ylidene)-cyclohexa-2,5-dienone (4.41)  (0.94 g, 85%); m.p. 239.0-240.5°C; 
νmax/cm-1 (CHCl3) 3009.0 (CH), 1633.1 (C=O), 1565.8, 1532.1, 1470.1, 1428.7, 1383.5, 1310.5, 
1251.7, 1153.3, 1065.2, 866.9; δH(CDCl3) 4.39 (1H, d, J = 14.7Hz, SO2CH2), 4.99 (1H, d, J = 
14.7Hz, SO2CH2), 6.43 (1H, dd, J1 = 2.0 and J2 = 10.1Hz, -CH=CH-), 6.52 (1H, dd, J1 = 2.0 
and J2 = 10.1Hz, -CH=CH-), 7.21 (1H, dd, J1 = 2.7 and J2 = 10.1Hz,  -CH=CH-), 7.25-7.67 (8H, 
m, Ar-H), 8.06 (1H, dd, J1 = 2.3 and J2 = 6.6Hz, Ar-H); δC(CDCl3) 59.7 (SO2CH2), 125.4 (quat. 
Ar), 127.3, 128.4, 129.7, 130.4, 130.6, 130.7, 131.1, 131.5 (CH, Ar), 131.5 (quat. Ar), 131.9, 
132.5 (CH, Ar), 134.6 (quat. Ar), 136.7, 136.8 (CH, Ar), 140.8, 141.3, 152.2 (quat. Ar), 187.1 
(C=O); HRMS: m/z 334.066305 (M+, 87.03%), 269.1202 (13.70, C20H13O), 242.1202 (23.34, 
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C14H10O2S), 241.1106 (67.88, C14H9O2S), 239.1022 (100, C14H7O2S), 226.0862 (47.91, 
C18H10), 215.1043 (87.92, C12H7O2S), 213.0734 (44.23, C12H5O2S), 189.0736 (26.93, C13H17O), 
165.0789 (28.13, C13H9), 82.9499 (63.22, C5H7O); C20H14O3S requires M+, 334.066366. 
 
4.4.11 Esterification of hydroxyether 3.37 
 
General method 
 
The sulfonyl chloride or acid chloride (1.1 equivalents) was added dropwise with stirring to 4-
[4-(5H-dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-butan-1-ol 3.37 (0.4 g, 1.1 mmol) dissolved in 
excess pyridine (4 equivalents) and the reaction mixture heated gently at 60°C for 4 hours. The 
reaction mixture was then poured into water, extracted with ether and the extracts washed with 
dilute sodium hydrogen carbonate. The ether was evaporated in vacuo and the residue purified 
by TLC (1:1 hexane:dichloromethane). 
 
Toluene-4-sulfonic acid-4-[4-(5H-dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-butyl ester 
(4.42) (0.2 g, 35%), m.p. 98.3-101.2°C, νmax(CHCl3)/cm-1 3069.4, 
3016.5, 2957.3, 2873.6, 1701.8, 1608.2, 1508.2, 1472.6, 1378.3, 
1289.1, 1244.6, 1179.9, 800.5; δH(CDCl3) 1.90 (4H, m, -CH2-), 2.52 
(3H, s, -CH3), 3.59 (2H, t, J = 6.3Hz, -OCH2CH2-), 3.89 (2H, t, J = 
5.8Hz, -CH2OTs), 5.34 (1H, s, CH), 6.52 (2H, d, J = 8.9Hz, Ar-H), 6.61 (2H, d, J = 8.9Hz, Ar-
H), 6.76 (2H, s, CH=CH), 7.22-7.49 (10H, m, Ar-H), 7.96 (2H, d, J1 = 2.0 and J2 = 8.5Hz, Ar-H); 
δC(CDCl3) 22.3 (CH3), 27.1, 29.7, 45.2, 67.1 (CH2), 57.3 (CH), 113.6 (CH, Ar), 121.2 (quat. Ar), 
127.1, 127.5, 128.5, 128.9, 130.3, 130.7, 130.8, 131.2 (CH, Ar), 134.3, 135.1, 140.9, 147.2, 
157.4 (quat. Ar); HRMS: m/z (FAB) 511.194279 (M++H, 53%), 374 (37, C25H26O3), 282 (15, 
C21H14O), 263 (17, C21H11), 191 (100, C15H11), 154 (55, C7H6O2S), 136 (72, C7H4OS), 107 (91, 
C7H7O); C32H30O4S requires M++H, 511.194307. 
 
2-Chloro-benzoic acid-4-[4-(5H-dibenzo[a,d]cyclohepten-5-yl)-phenoxy]-butyl ester (4.43) 
(0.50 g, 90%), m.p. 81.4-83.4°C, νmax(CHCl3)/cm-1 3009.1, 2957.6, 
2876.6 (CH), 1724.1 (ester C=O), 1608.4, 1593.7, 1508.8, 1473.0, 
1436.6, 1386.5, 1292.1, 1251.9, 1180.5, 1139.9, 1120.4, 1051.5, 958.4, 
861.8; δH(CDCl3) 1.92 (4H, t, J = 3.0Hz, -OCH2(CH2)2CH2O-), 3.91 (2H, 
t, J = 5.6Hz, -OCH2(CH2)2CH2OC=O),4.40 (2H, t, J = 5.8Hz, -
OCH2(CH2)2CH2OC=O), 5.34 (1H, s, CH), 6.52 (2H, d, J = 8.8Hz, Ar-H), 6.61 (2H, d, J = 
8.7Hz, Ar-H), 6.75 (2H, s, CH=CH), 7.28-7.50 (11H, m, Ar-H), 7.81 (2H, dd, J1 = 1.5 and J2 = 
7.7Hz, Ar-H); δC(CDCl3) 25.8, 26.4, 65.6 and 67.4 (CH2), 57.3 (CH, benzylic), 113.6, 126.9, 
127.1, 128.5, 128.9, 130.2 (CH, Ar),  130.7 (quat. Ar), 130.8, 131.2, 131.5, 131.8, 132.9 (CH, 
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Ar), 134.0, 134.3, 135.1, 140.9, 157.4 (quat. Ar), 166.2 (C=O); HRMS: m/z 496 (35%, M++2 
(C32H2737Cl O3)), 494.164902 (M+ (C32H2735ClO3), 100%), 338 (5, C25H22O), 284 (23, C21H16O), 
283 (26, C21H15O), 265 (12, C21H13), 252 (11, C20H12), 239 (9, C19H11), 191 (54, C15H11), 189 
(11, C15H9), 141 (26, C7H437Cl O), 139 (80, C7H435ClO), 77 (6, C6H5); C32H2735ClO3 requires M+, 
494.164873. 
 
4.4.12 Miscellaneous 
 
Compound 4.17 was prepared according to the general procedure for Grignard reactions as 
outlined in Chapter 2, using bromomagnesio-anisole in THF. This compound was 
too insoluble to obtain 1H or 13C NMR spectra even in d6-DMSO. 4.17 
decomposes without melting at 400°C,  (2.20g, 90%) HRMS: m/z (FAB) 
628.262017 (M+, 8%), 307 (13, C22H11O2), 289 (9, C20H17O2), 270 (11, C20H14O), 
180 (5, C14H12), 154 (100, C12H10), 136 (80, C8H8O2), 107 (34, C7H7O); C44H34O4 
requires M+, 628.261360. 
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Chapter 5: p-Quinone methides and colour 
 
 
5.1 Introduction 
 
p-Quinone methides and derivatives frequently display colouration effects owing to the 
extensive conjugated π-systems that they usually contain. The synthesis and characteristics of 
a number of near-IR dyes based on the triphenylmethyl cation nucleus have been described by 
Akiyama et al.1 The resonance structures that characterize these dyes are illustrated in Fig. 
5.1. 
 
R1 R2
C
C
NMe2
R1 R2
C
X
X
C
NMe2
R1 R2
C
C
NMe2
X
R1; R2 = morpholino, piperidino, pyrrolidino, NEt2, NMe2
 
Fig. 5.1: Resonance structures contributing to the conjugation of triphenylmethyl-dyes1 
 
It has been observed that incorporation of a central ring into the triphenylmethyl nucleus (as 
the thio-xanthenyl, seleno-xanthenyl or the five-membered fluorene analogue) has the effect of 
shifting λmax into the near infra-red region.2 Also, substitution on an aromatic ring and the 
pendant phenylacetylene moiety with an N,N-dimethyl group, results in a bathochromic shift in 
λmax of the cation. The possibility of converting the ketone systems of interest to us into 
phenylacetylide derivatives with the potential of functioning as near-IR dyes, was intriguing. 
 
5.2 Synthesis of 3-methoxy-11-phenylethynyl-6,11-dihydro-dibenzo[b,e]oxepin-11-ol 
(5.1) and analogues 
 
A synthetic route to a p-quinone methide where the conjugation is extended with a 
phenylacetylene unit, is proposed in Fig. 5.2. 3-Methoxy-11-phenylethynyl-6,11-dihydro-
dibenzo[b,e]oxepin-11-ol (5.1) was synthesized from the corresponding ketone and 
phenylacetylene followed by demethylation of the 3-methoxyl group to form the oxepin-3-one 
in a similar manner to that described in Chapter 2. 
 
                                                 
1
 S. Nakatsuji, K. Nakashima and S. Akiyama, Dyes and Pigments, 1994, 24, 37. 
2
 S. Nakatsuji, N. Okamoto, K. Nakashima and S. Akiyama, Chem. Lett., 1986, 329. 
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OO
OCH3
HO
OO
OCH3
O
i ii
5.1
, iii
 
Reagents and conditions: i) Phenylacetylene, base, THF, reflux; ii) ketone, reflux overnight; iii) TFA,  
CH2Cl2, rt, 3 days 
Fig. 5.2: Proposed synthesis of a highly conjugated dienone 
 
Refluxing a large excess of lithium amide with phenylacetylene in THF led to the formation of 
the lithium acetylide salt after which the appropriate ketone was added and the reaction 
mixture refluxed for 17 hours. The products and yields for this and related reactions are 
summarized in Fig. 5.3. 
  
O
HO
O
HO
S
HO
O
O
S
O
(30%)
OCH3 OCH3 OCH3
OCH3
(60%) (60%)
5.3
5.1 5.2
i
i i
HO
O
5.4
i
(70%)
 
Reagents and conditions: i) LiNH2 (10 equiv.), phenylacetylene (2 equiv.), reflux, 2h, add ketone, 
reflux 18h 
Fig. 5.3: Synthesis of 3-methoxy-11-phenylethynyl-6,11-dihydro-dibenzo[b,e]oxepin-11-ol 5.1 
and analogues 
 
Attempted demethylation of the 3-methoxy group in 5.1 with TFA resulted in rearrangement to 
the enone 5.5 (Fig. 5.4).  
 
O
HO
OCH3
O
OCH3
H
O
5.1 5.5
(60%)
Reagents and conditions: TFA (7 equiv.), rt, 1h, aq. NaOH work-up
 
Fig. 5.4: Acid-catalyzed rearrangement of 5.1  
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Concentrated sulphuric acid in methanol also effected a similar rearrangement (Fig. 5.5). 
 
HO
H O
5.3 5.6
(80%)
 
Reagents and conditions: MeOH, cat. H2SO4, reflux 2h 
Fig. 5.5: Acid-catalyzed rearrangement of 5.3 
 
This acid-catalyzed rearrangement has been observed previously in the reaction of 
phenylacetylene alcohols with barbituric acid, malonitrile and 2,4-dinitrophenylhydrazine, and 
has been used to synthesize aryl-substituted push-pull butadienes.3  We propose a similar 
mechanism to that suggested by Akiyama3 where acid-catalyzed rearrangement of the hydroxy 
acetylene 5.1 to an α-hydroxyketene occurs, followed by keto-enol tautomerism to the enone 
5.5 (Fig. 5.6). 
 
O
OH
OCH3
H
O
HH
O
OCH3
C
OH
H
O
OCH3
H
O
5.1
KET
5.5
 
Fig. 5.6: Proposed mechanism of the acid-catalyzed rearrangement of 5.1 
 
We attempted to synthesize the p-amino derivative 5.8 (whose cation might be expected to 
display intense colouration effects) by adding lithium p-N,N-dimethylphenylacetylide to 
dibenzosuberenone, but an intractable tarry mixture was obtained. Consequently, the 
Sonagashira coupling reaction was pursued as alternative synthetic method (Fig. 5.7).4 
 
 
 
 
                                                 
3
 S. Nakatsuji, K. Nakashima, M. Iyoda and S. Akiyama, Bull. Chem. Soc. Jpn., 1988, 61, 2253. 
4
 Y. Tohda, K. Sonagashira and N. Hagihara, Synthesis, 1977, 11, 777. 
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HO
5.7
HO
NMe2 NMe2
ClO4
i ii
5.8
 
Reagents and conditions: i) 1-Bromo-4-N,N-dimethylbenzene, DEA, DMF, CuI, PdCl2(PPh3)2, reflux;  
ii) Acetic anhydride, perchloric acid 
Fig. 5.7: Proposed Sonagashira synthesis of compound 5.8 
 
5-Ethynyl-5H-dibenzo[a,d]cyclohepten-5-ol 5.7 was synthesized in 80% yield from lithium 
acetylide and dibenzosuberenone in liquid ammonia.5,6 
 
O HO
5.7
(80%)
 
Reagents and conditions: LiNH2, liq. NH3, acetylene, 2h, -78°C- rt 
Fig. 5.8: Synthesis of 5.75,6 
 
Sonagashira coupling of 5.7 with p-bromo-N,N-dimethylaniline using Pd(OAc)2 and Ph3P in 
refluxing triethylamine, led to decomposition of 5.7 to dibenzosuberenone without the formation 
of any coupled products. This was in agreement with the observation by Stephens and Castro, 
i.e. that compounds with electron-rich substituents are much less reactive towards 
Sonagashira coupling than derivatives substituted with electron-withdrawing groups.2,7 The 
coupling reaction was repeated using p-iodoanisole. Homo-coupling of the ethinyl alcohols 
occurred in excellent yield, with only small amounts of the target alcohol being formed (Fig. 
5.9). However, we were successful in synthesizing alcohol 5.11 which contains a p-
aminophenyl group conjugated with a diyne unit. 
 
                                                 
5
 W. Ried and J. Schönherr, Chem. Ber., 1960, 93, 1869. 
6
 T. Steiner, E.B. Starikov and M. Tamm, J.Chem. Soc., Perkin Trans 2, 1995, 67. 
7
 R.D. Stephens and C.E. Castro, J. Org. Chem., 1963, 28, 3313. 
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HO
HO
OH
HO
OCH3
HO
NMe2
+
(90%)
(50%)
(15%)
(50%)
i
ii
iii
5.7
5.9
5.9
5.10
5.11
5.7
5.7
 
Reagents and conditions: i) CuI, PdCl2(PPh3)2, DEA, p-bromo-4-N,N-dimethylaniline, stir at rt 
overnight; ii) CuI, PdCl2(PPh3)2, DEA, p-iodoanisole, stir at rt overnight; iii) CuI, PdCl2(PPh3)2, DEA, p- 
N,N-dimethylphenylacetylene, stir at rt overnight 
Fig. 5.9: Homo-coupling of alcohol 5.7 under Sonagashira reaction conditions 
 
5.3 Absorption spectra of compounds 5.3, 5.10 and 5.11 in acid medium 
 
Since the perchlorate salts of 3-methoxy-11-phenylethynyl-6,11-dihydro-dibenzo[b,e]oxepin-
11-ol (5.1) and other phenylethynyl analogues were too unstable to isolate from acetic 
anhydride and perchloric acid, their electronic spectra were recorded in CH2Cl2 with excess 
TFA (0.5 cm-3) added to the solution in order to form the cations in situ. The spectra were 
recorded immediately upon addition of TFA, whereupon the absorptions were observed to 
decay in intensity. Figs. 5.10 and 5.12 depict the electronic spectra of the cations derived from 
compounds 5.10 and 5.11.  
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5.10 in CH2Cl2 with 0.5 cm-3 TFA added
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Fig. 5.10: Time-dependent UV spectrum of 5.10 in acid medium 
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Fig. 5.11: Plot of absorbance vs time for 5.10 at 640 nm 
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5.11 in CH2Cl2 with 0.5 cm-3 TFA added
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Fig. 5.12: Time-dependent UV spectrum of compound 5.11 in acid medium 
 
 
5.3 in CH2Cl2 with 0.5 cm-3 TFA added and UV spectrum of 5.6
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Fig. 5.13: Time-dependent UV spectrum of compound 5.3 compared with 5.6 
 
The UV spectra of the alcohols 5.10 and 5.11 in CH2Cl2 revealed absorbance bands in the UV 
range of the spectrum. In contrast, the cations absorb strongly in the visible range of the 
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spectrum, e.g., the TFA-solution of 5.10 displays an intense blue colour. The absorption 
spectrum of the cation derived from 5.10 was observed to decay with time (Fig. 5.11). 
 
It is possible that the cations resulting from the alcohols 5.3, 5.10 and 5.11 react with 
adventitious water and rearrange as described in Fig. 5.6.  This is supported by a comparison 
of the time-dependent UV spectrum of 5.3 with that of compound 5.6 (Fig. 5.13). It can be seen 
that as the absorptions corresponding to the cation decay with time, an absorbance peak at 
301 nm which corresponds to the rearranged compound 5.6 builds up. 
 
5.4 Effect of the central ring size and substituents on the electronic spectra of near-IR 
dyes 
 
The electronic spectra of selected cations are listed in Table 5.1. Increasing the central ring-
size from 7- to 8-membered (5.13 compared with 5.20), shifts λmax bathochromically by 49 nm. 
Including a phenylacetylene moiety into the molecule (comparing cations 5.12 and 5.14), 
results in a bathochromic shift in λmax. Including a p-dimethylamino group on the phenyl ring, 
also shifts λmax bathochromically (compare 5.17 with 5.15). These bathochromic shifts can 
undoubtedly be correlated with increased conjugation in the respective cations. 
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Table 5.1: Electronic spectra of selected cations  
 
 
5.5.1 Synthesis of spiro[3-hydroxy-6,11-dihydrodibenz[b,e]oxepin-11,2’-[(3’,4’H)-phenyl]-
(5’H)-furan-5’-one] 5.24 and related compounds 
 
Fluorescein includes a xanthenyl ring system and its colour has been ascribed to the extended 
quinoid structure that forms in the tricyclic ring. Fluorescein can exist as one of three possible 
forms, depending on the pH of the solution (Fig. 5.13).8 
 
 
                                                 
8
 D.C. Neckers, J. Chem. Ed., 1987, 64(8), 649. 
Compound  
number 
Wavelength / nm 
[Extinction coefficient / 
mol-1.dm3.cm-1] 
Compound  
number 
Wavelength / nm 
[Extinction coefficient /  
mol-1.dm3.cm-1] 
5.121 
 
429 
- 
 
5.171 S
NMe2
ClO4
 
609 
[49 700] 
5.13 
ClO4
OCH3
 
465 
[25102] 
5.18 
CF3COO
 
     471,609 
[7444], [5824] 
 
5.141 
 
504 
- 
5.19 O
CF3COO
OCH3
 
503, 647 
[19 413], 
[1037] 
 
5.151 S
ClO4
 
586 
[11 900] 
5.20 
CF3COO
OCH3
 
514 
[38 090] 
5.16 
CF3COO
OCH3
 
640 
[33822] 
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Fig. 5.13: Fluorescein structure as a function of pH8 
 
Fluoran dyes have been widely used as pressure and heat-sensitive dyes for carbonless paper 
and fax systems.9 The colourless form undergoes acid-catalyzed ring-opening upon heating 
with phenolic compounds to form the corresponding dye (Fig. 5.14). Computational predictions 
of the 13C NMR and UV spectra as well as studies of the effects of increasing the extent of 
annulation on the dye properties of these systems have been performed.10,11 Rational design of 
fluorescein analogues has been used to moderate their fluorescent intensity and the 
mechanism for their fluorescence in organic and aqueous media has been investigated.12,13 
 
O CH3Et2N
NHPhO
O
O CH3Et2N
NHPh
CO2H
heat
CH3
CH3
HO OH
CH3
CH3
O OH
Colourless Coloured
 
Fig. 5.14: Ring-opening reaction of fluoran dyes9 
 
Fluorescein analogues have also been used to synthesize large cage-like dye structures 
capable of including guest molecules in the central cavity (Fig. 5.15). The influence of the 
included guest on the electronic spectra of the cationic hosts has been investigated.14  
 
 
                                                 
9
 M. Inouye, K. Tsuchiya and T. Kitao, Angew. Chem. Int. Ed. Engl., 1992, 31(2), 204. 
10
 T. Hoshiba, T. Ida, M. Mizuno, T. Otsuka, K. Takaoka and K. Endo, J. Mol. Struct., 2002, 602-603, 381. 
11
 W.M.F. Fabian, S. Schuppler and O.S. Wolfbeis, J. Chem. Soc., Perkin Trans 2, 1996, 853. 
12
 T. Miura, Y. Urano, K. Tanaka, T. Nagano, K. Ohkubo and S. Fukuzumi, J.Am. Chem. Soc., 2003, 125, 8666. 
13
 K. Niikura and E.V. Anslyn, J. Org. Chem., 2003, 68, 10156. 
14
 R. Berscheid, M. Nieger and F. Vögtle, Chem. Ber., 1992, 125, 2539. 
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Fig. 5.15: Macrocyclic fluoran dye systems capable of host-guest interactions14 
 
It seemed interesting to investigate whether fluoran-type dyes could be synthesized from the 
oxepin-3-one dienones of interest to us. A pH-sensitive dye system would require a phenolic 
group in conjugation with a lactone ring, so that a change in pH could lead to reversible 
deprotonation and ring-opening of the lactone with a concomitant colour change, e.g., 5.21 
(Fig. 5.16). 
 
Furthermore, the analogous 3-amino-substituted derivatives (5.22) would be interesting for the 
purpose of comparing their electronic spectra with xanthenyl and malachite green derivatives 
that have been synthesised by other workers.  
 
O
O
OH
O
O
O
NMe2
O
5.21 5.22
 
Fig. 5.16: Potential dye-analogues 5.21 and 5.22 
 
Blicke et al first reported the synthesis of phenolphthalein and its fluorenyl analogue 
uncontaminated by any anthraquinone byproducts.15,16 A more recent synthesis of 
diphenylphthalide involves reacting fluorenone with 2-lithio-N,N-diethylbenzamide (formed in 
situ by the reaction of N,N-diethylbenzamide with sec-butyllithium at low temperature), followed 
by acid-catalyzed cleavage of the amide to give the cyclized lactone in good yield (Fig. 5.17).17 
This rather circuitous synthesis was devised because attempted oxidation of 9-o-tolyl-9H-
                                                 
15
 F.F. Blicke ad O.J. Weinkauff, J. Chem. Soc., 1932, 54, 1446. 
16
 C.F. Koelsch, J. Chem., Soc., 1933, 55, 3394. 
17
 J.K. Ray and R.G. Harvey, J. Org. Chem., 1982, 47, 3335.  
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fluoren-9-ol led to extensive decomposition of the starting material. The ease with which the 
ortho-ethoxy group could be oxidized made this synthetic route preferable. 
 
O
CONEt2
Li
i
HO O
NEt2
O
O
ii
(70%)
 
Reagents and conditions: i) N,N-diethylbenzamide, TMEDA, sec-butyllithium, ether, -78°C, overnight,  
rt; ii) p-TSA, benzene, reflux, 4h 
Fig. 5.17: Synthesis of diphenylphthalide17 
 
In our laboratories, all attempts at oxidation of 5-(o-tolyl)-5H-dibenzo[a,d]cyclohepten-5-ol 5.23 
using oxidants such as DDQ, KMnO4 (both in the presence and absence of phase transfer 
catalysts and in acidic and basic medium) and Na2CrO7 in glacial acetic acid, led to complete 
decomposition of the starting material (Fig. 5.18).  
 
O
O
5.23
H3C
HO
 
Reagents and conditions: i) KMnO4 (alkaline or H2SO4 or in CH2Cl2 with bezyltriethyl ammonium  
chloride; ii) CrO3 in H2SO4 
Fig. 5.18: Attempted oxidation of 5-(o-tolyl)-5H-dibenzo[a,d]cyclohepten-5-ol 5.23 to the  
corresponding lactone 
 
However, a low-temperature Grignard exchange reaction, was successful in synthesizing the 
lactone 5.24 (Fig. 5.19). 
 
O
O
O
i,ii
(50%)
5.24
 
Reagents and conditions: i) 2-iodoethylbenzoate, EtMgBr, THF, -78°C, 30 min utes; ii) CeCl3- 
activated ketone added, reflux 17h; NH4Cl workup 
Fig. 5.19: Synthesis of spiro[10,11-dihydro-5H-dibenzo[a,d]cyclohepten-(3’,4’H)-phenyl-
5,2’(5’H)-furan-5’-one] 5.24 
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A similar reaction involving 2-methoxy oxepinone gave spiro[3-methoxy-6,11-
dihydrodibenz[b,e]oxepin-11,2’-[(3’,4’H)-phenyl]-(5’H)-furan-5’-one] 5.25 in 51% yield (Fig. 
5.20).  
 
O
O
OCH3
O
OCH3
O
O
O
OH
O
O
i, ii iii
5.25
(51%)
5.21
(60%)
 
Reagents and conditions: i) 2-iodoethylbenzoate, EtMgBr, THF, -78°C, 10-30 minutes; ii) CeCl3- 
activated ketone added, reflux 17h, NH4Cl workup; iii) Pyr.HCl heat to a melt, 15 minutes 
Fig. 5.20: Lactonisation and demethylation of 5.25 
 
The next step in the synthesis of a fluorescein dye analogue would require demethylation of 
the ether 5.25 to leave a phenolic hydroxyl group. This step proved to be challenging since the 
demethylating reagent, TFA, failed to cleave the methoxyl group, even with extended reaction 
times. A reaction with BBr3S(CH3)2 was also unsuccessful. However, we found that pyridine 
hydrochloride demethylated the 3-methoxy group (according to the method of Kurokawa et 
al).18 A melt of 5.25 and pyridine hydrochloride maintained at high temperature for 15 minutes, 
followed by aqueous workup, gave the phenol 5.21 as well as some unreacted starting 
material (Fig. 5.20). 
 
A THF solution of the phenolic lactone (or “leuco base”) 5.21 turns dark red upon addition of 
KOBut, but the ring-opened carboxylic acid form of the molecule could not be isolated. No 
colour change was observed in THF upon addition of bases such as NaH, sodium methoxide 
and triethylamine nor upon addition of glacial acetic acid. Only TFA gave any colour change. 
Adding methyl iodide to the basic reaction mixtures in the hope of trapping the carboxylate as 
the methyl ester, proved unsuccessful. Refluxing with LiOH in aqueous THF19 also failed to 
give the carboxylic acid. Formation of the lactone spirocycle presumably occurs faster than 
reaction of the carboxylate with nucleophiles. Alternatively, the lactone might be resistant to 
hydrolysis. 
 
The electronic spectra of 5.25 and 5.21 in dichloromethane containing TFA revealed weak 
absorbance peaks at 428 nm (Table 5.2.) with the absorption for 5.25 being twice as intense 
as that obtained for 5.21. This is not consistent with ring-opening of the spiro-lactone ring in 
                                                 
18
 M. Kurokawa, F. Sato, Y. Masuda, T. Yoshida, Y. Ochi, K. Zushi, I. Fujiwara, S. Naruto, H. Uno and J. Matsumoto, Chem. 
Pharm. Bull., 1991, 39(10), 2564. 
19
 B.J. Dahl and B.P. Btanchaud, Tetrahedron Lett., 2004, 45, 9599. 
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5.21 to give a quinone methide. A possible reason for this lack of reactivity can be deduced 
from the crystal structure of 5.25 (Section 5.5.1) which reveals the extent to which the structure 
is folded about C15. For ring-opening to occur, a double bond must form between C15 and C11. 
Owing to the folded structure, it would be impossible for the (C5)(C21)C15=C11(C10)(C12) atoms 
to achieve coplanarity. Consequently, ring-opening does not occur.  
 
Table 5.2: Electronic spectra of 5.25 and 5.21 in dichloromethane and TFA. 
 
 
 
 
 
 
 
 
 
 
 
5.5.2 Crystal structure analysis of spiro[3-methoxy-6,11-dihydrodibenz[b,e]oxepin-11,2’-
[(3’,4’H)-phenyl]-(5’H)-furan-5’-one] 5.25 
 
The crystal structure of 5.25 was obtained from single crystals grown from dichloromethane. 
The presence of the heteroatom O13 leads to distortion of the central seven-membered ring.  
Atoms C14 and C15 are coplanar [maximum deviation from their least-squares plane is 0.055 Å, 
for C14]. The conformation around the C14-O13 bond is gauche (torsion angle C6-C14-O13-C12 =  
-79º) and the overall effect on the shape of the tricyclic system is a resultant dihedral angle of 
193º between the phenyl rings which is much larger than that observed in 4-
dibenzo[a,d]cyclohepten-5-ylidene-cyclohexa-2,5-dienone 2.29 (122º). The distances C14-O13 
(1.44 Å) and O13-C12 (1.37 Å) are even more different than those obtained for 2.37 [O13-C12 
(1.44 Å) and O13-C14 (1.39 Å)] which indicates greater distortion of the central seven-
membered ring in 5.25 than 2.37. 
 
 
 
 
 
 
 
Compound  
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Fig. 5.2: ORTEP-diagram showing atomic numbering and thermal ellipsoids at the 50% 
probability level for 5.25 
 
There is a weak hydrogen bond between H14 and O18. The sp2-hybridized C19 experiences 
some steric strain due to the confinement of its bond angle with O18 and C20 to 108° instead of 
the expected 120º. The other ring angles in the lactone-spiro ring juncture (C5-C15-C11 = 117° 
and O18-C15-C21 = 102°) are deviated from the standard 109º for a tetrahedral carbon (C15) and 
indicate that the five-membered lactone ring is slightly strained. In order to minimized steric 
interaction with hydrogens H10 and H4 on the adjacent aromatic rings, the spiro-lactone ring 
plane is twisted with 68º with respect to to the ring plane formed by C1-C6.  
 
5.6 Synthesis of amino-substituted derivatives 
 
The synthesis of various unsymmetrically substituted analogues of malachite green according 
to the synthetic route depicted in Fig. 5.21 has been reported.20  
 
These malachite green dyes are structurally similar to the series of oxepin-3-one dienones 
synthesized in our study (Chapter 2), the only difference being the inclusion of a tether 
between two of the aromatic rings in our case. 
 
 
                                                 
20
 S.A. Gorman, J.D. Hepworth and D. Mason, J. Chem. Soc., Perkin 2, 2000, 1889. 
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Reagents and conditions: i) R12NH, sulfolane, reflux, 24h; ii) Ether, TMEDA, 3h, rt; iii) AcOH 
Fig. 5.21: Synthesis of unsymmetrical malachite green derivatives  
 
3-Chloro-6H-dibenzo[b,e]oxepin-11-one (5.26) and 3-fluoro-6H-dibenzo[b,e]oxepin-11-one 
(5.27) that had been synthesized previously in our laboratories were subjected to nucleophilic 
substitution reactions with a series of amines (Fig. 5.22). The yields of the products obtained 
from 5.26 are summarized in Table 5.4. 
 
O
O
Cl O
O
N
R1
R2
Reagents and conditions: solvent, amine (5 equiv.), reflux
5.26 5.28-5.30
 
Fig. 5.22: Nucleophilic substitution 
 
Table 5.4: Substitution of chloro-ketone 5.26 in various solvents 
 
 
 
 
 
 
 
 
There is a solvent effect with cyclic secondary amines such as morpholine and piperidine 
reacting better in DMSO, while sulfolane is the solvent of choice for substitution with acyclic 
amines such as dimethylamine. No substitution products were isolated from the reaction with 
dibenzyamine. However, the reaction mixture turns black shortly after refluxing is commenced  
and sulfolane proved very difficult to remove from the final product. The reaction was also 
attempted in THF, toluene, DMF and DME, but no substitution occurred in these solvents. 3-
Fluoro-6H-dibenzo[b,e]oxepin-11-one 5.27 underwent nucleophilic substitution more readily 
than 5.26. Using sulfolane as solvent, there were fewer side-products and diethylamine gave 
the substituted diethylamino ketone 5.31 in 70% yield (Fig. 5.23). 
 
 
Amine Solvent Reflux time Product / % 
morpholine Sulfolane 30 min 5.28 (15) 
morpholine DMSO 2 h 5.28 (70) 
piperidine DMSO 1 h 5.29 (60) 
ethylamine DMSO 24 h No reaction 
dimethylamine Sulfolane 2 h 5.30 (45) 
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O
O
F
O
O
NEt2
5.27 5.31
Reagents and conditions: Sulfolane, diethylamine (5 equiv.), reflux
(70%)
 
Fig. 5.23: Synthesis of 5.31 from ketone 5.27 
 
In another experiment, a mixture of 4-chloro-6H-dibenzo[b,e]oxepin-11-one 5.32 and excess 
morpholine in glycerol was heated under microwave irradiation (200 W for a total time of 3 
minutes with cooling periods after every 30 seconds to prevent evaporation of morpholine). 
Substitution of the chlorine with the secondary amine indeed occurred, but was unfortunately 
accompanied by ring contraction of the central oxepinone ring with extrusion of oxygen to form 
2-morpholin-4-yl-anthraquinone 5.33 (Fig. 5.24). The yield of the reaction was low. The 
mechanism for this ring contraction is probably similar to that outlined for microwave-assisted 
demethylation reactions in pyridine hydrochloride (Chapter 2, Section 2.6).  
 
O
O Cl
N
O
O
O
(25%)
Reagents and conditions: Glycerol, microwave, 3 min, 200 W, excess morpholine
5.32 5.33
 
Fig. 5.24: Microwave-assisted nucleophilic substitution and ring contraction 
 
The next step in the synthesis of a malachite green analogue, was to react the aminoketone 
with an appropriate Grignard reagent. Fig. 5.25 summarizes the reaction of 5.28 with p-bromo-
N,N-dimethylaniline. 
 
O
N
O
O
O
N O
HO
NMe2
(50%)
Reagents and conditions: i) Mg, THF, p-bromo-N,N-dimethylaniline, reflux, 17h.
i
5.345.28
 
Fig. 5.25: Synthesis of an unsymmetrical seven-membered Malachite green dye base 
 
The absorption spectrum of this compound was recorded in both glacial acetic acid and 
dichloromethane containing TFA (Fig. 5.26). 
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5.34 Glacial HOAc
 
Fig. 5.26: Electronic absorbance spectrum of 5.34 in CH2Cl2 (with added TFA) and glacial 
HOAc 
 
Studies performed on symmetrical crystal violet systems have shown that dimethylamino-, 
pyrrolidino- and morpholino-substituted analogues are not readily protonated; the reluctance of 
morpholine to undergo protonation can be attributed to the presence of the electronegative 
oxygen heteroatom in the ring.30 Accordingly, we suggest that in glacial acetic acid protonation 
of 5.34 occurs at the N,N-dimethylamino group instead of the morpholine substituent. The 
mono-cationic species is obtained and the maximum absorbance occurs at 612 nm. This band 
is extremely weak in TFA. The other band (which corresponds to the y-band) is found at 438 
nm in glacial acetic acid and this band is shifted by 22 nm when the solvent is changed to 
dichloromethane with excess TFA. When the absorbance spectrum of 5.34 in 98% glacial 
acetic acid is compared with that of the unannulated analogue 5.35 (Table 5.5), the x-band of 
5.34 shows a hypsochromic shift of 9 nm and the y-band a bathochromic shift of 9 nm, the nett 
effect being that the two absorbance bands of 5.34 are shifted towards each other.   
 
The extinction coefficients of the seven-membered malachite green analogue 5.34 are much 
lower than those of the traditional malachite green series, indicating that annulation possibly 
inhibits conjugation as a result of conformational effects. 
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Table 5.5: Electronic spectra of 5.35 and 5.36 in 98% glacial acetic acid.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.7 Project overview 
 
A series of novel p-quinone methides were synthesized by the dealkylation of 5-(p-
alkyloxyaryl)-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ols and related compounds. A 
mechanism for the demethylation reaction has been proposed and the influence of the size 
and conformation of the central ring on the reaction has been examined in a computational 
study.   
 
The general reactivity of the p-quinone methides of interest to us was explored by subjecting 
these compounds to reaction with a range of nucleophiles (bases, Grignard reagents and 
alcohols in the presence of Lewis acid catalysts). Our study on the nucleophilic addition of 
alcohols to the p-quinone methides (both in the presence and absence of acid) was supported 
by computational methods and a probable reaction mechanism has been postulated. 
 
A range of miscellaneous reactions of 4-(dibenzo[a,d]cycloheptan-5-ylidene)cyclohexa-2,5,-
dienone 2.24 and related systems were investigated. Functionalization by epoxidation, 
dichlorocarbenation and Diels-Alder reactions, photochemical and [2+2] cycloaddition was 
attempted. Reduction and oxidation reactions were also explored. 
 
Some preliminary work was done on structurally modifying the highly coloured dienone 
compounds in the hope of developing novel dye compounds. The electronic spectra of these 
compounds were investigated. 
 
Compound  
number 
Wavelength / nm 
[10-4εmax / mol-1.dm3.cm-1] 
5.34 O
N
O
NMe2
 
612.0 
[1.9] 
 
438 
[1.0] 
 
 
5.351 N
O
NMe2
 
 
621.0 
[9.6] 
 
 
 
429.0 
[2.2] 
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The project has resulted in the synthesis of a range of novel p-quinone methides characterized 
by strained sterically crowded structures. The study has shown that these factors influence the 
reactions of these systems and have led to reversals in expected reactivity in certain cases. 
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5.8 Experimental 
 
Mps were determined on an Electrothermal IA900 series digital melting point apparatus and 
are uncorrected. IR spectra were recorded on a Perkin Elmer 1600 Series Fourier Transform 
Spectrometer. 1H (300 MHz) and 13C (75 MHz) NMR spectra were determined with a Brucker 
Avance 300 NMR spectrometer. PLC separations were carried out using on glass plates 
coated with Merck silica gel 60 F254 (1.5mm layer thickness).  
 
5.8.1 Crystal structure of 5.25 
 
All intensity data were collected on a Nonius Kappa CCD diffractometer at the Centre for 
Supramolecular Chemistry Research, Department of Chemistry, University of Cape Town. 
Data-collection and data-reduction were performed using standard Nonius packages. Crystal 
structure solution and refinement were performed routinely with programs SHELXS-97 and 
SHELXL-97.  
 
Table 5.3: Crystal and structure refinement data for compound 5.25 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.25 
Empirical formula C22H16O4 Unit cell 
dimensions 
A = 19.9197(4) Å    
 α = 90° 
Formula weight 344.35 
 
B = 26.8398(6) Å   
β = 90 ° 
Crystal size 0.33 × 0.25 × 
0.20 mm3 
 
C = 12.2230(3) Å      
 χ = 90° 
Temperature 113 (2) K Volume 6534.9(3) Å3 
Crystal system Orthorhombic µ(Mo-Kα)/ mm-1 0.096 mm-1 
Space group Fdd2 No. 43 Z 16 
Goodness-of-fit 
on F2 
1.016 Reflections 
collected / 
unique 
 
5995 / 3046 [R(int) = 0.0201] 
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5.8.2 Preparation of 3-methoxy-11-phenylethynyl-6,11-dihydro-dibenzo[b,e]oxepin-11-ol 
(5.1) and analogues 
 
General method 
 
To a solution of 1.5 equivalents phenylacetylene (0.32 g, 3.1 mmol) in anhydrous THF was 
added 10 equivalents of solid lithium amide (0.47 g, 0.021 mol). After refluxing for 2 hours, the 
ketone (0.5g, 2.1 mmol), dissolved in THF, was added and the reaction mixture refluxed 
overnight. The cooled reaction mixture was quenched with aqueous NH4Cl and extracted with 
diethyl ether. The organic extracts were combined and the solvent removed in vacuo. The 
gummy residue was subjected to preparative chromatography using 1:1 
dichloromethane/hexane as eluent. 
 
Phenylacetylene (0.36 g, 3.56 mmol) in anhydrous THF, lithium amide (0.47 g, 0.024 mol) and 
3-methoxy-6H-dibenzo[b,e]oxepin-11-one (0.5 g, 2.37 mmol) afforded 3-
methoxy-11-phenylethynyl-6,11-dihydro-dibenzo[b,e]oxepin-11-ol (5.1) 
(0.48 g, 60%) as a yellow gum; νmax(CHCl3)/cm-1 3568.3 and 3366.6 (OH), 
3063.0, 3009.4, 2961.8 (CH), 2838.0 (OCH3), 2226.5 (acetylene), 1613.5, 
1571.6, 1498.6, 1442.3, 1413.6, 1375.1, 1321.3, 1287.7, 1235.9, 1201.6, 1168.1, 1125.5, 
1108.4, 1035.3, 841.5; δH(CDCl3) 3.56 (1H, s, OH), 3.78 (3H, s, OCH3), 5.36 (1H, d, J = 
13.2Hz, OCH2), 5.91 (1H, d, J = 13.2Hz, OCH2), 6.52 (1H, d, J = 2.7Hz, Ar-H), 6.60 (1H, dd, J1 
= 2.7 and J2 = 8.8Hz, Ar-H), 7.37-7.43 (6H, m, Ar-H), 7.61 (2H, dd, J1 = 2.4 and J2 = 6.2Hz, Ar-
H), 8.05 (1H, d, J = 8.8Hz, Ar-H), 8.15 (1H, m, Ar-H); δC(CDCl3) 55.8 (OCH3), 72.2 (OCH2), 
75.0 (C-OH), 90.4, 90.6 (acetylene C), 106.0, 108.6 (CH, Ar), 122.6, 123.2 (quat. Ar), 126.6, 
128.8, 128.8, 128.9, 129.3 (CH, Ar), 129.3 (quat. Ar), 129.9, 132.1 (CH, Ar), 134.8, 141.9, 
157.4, 161.6 (quat. Ar); HRMS: m/z 342.125504 (M+, 58.17%), 307.9002 (94.11, C23H16O), 
230.9216 (27.24, C17H11O), 177.9587 (22.11, C14H10), 164.9619 (27.24, C13H8), 128.9477 
(31.52, C9H5O), 104.9603 (23.97, C7H5O), 76.9884 (24.96, C6H5), 27.9861 (100, CO); 
C23H10O3 requires M+, 342.125595. 
 
Phenylacetylene (0.34 g, 3.31 mmol) in anhydrous THF, lithium amide (0.47 g, 0.024 mol) and 
3-methoxy-6H-dibenzo[b,e]thiepin-11-one (0.5 g, 2.21 mmol) afforded 3-
methoxy-11-phenylethynyl-6,11-dihydro-dibenzo[b,e]thiepin-11-ol (5.2) 
(0.47 g, 60%) as an orange gum; νmax(CHCl3)/cm-1 3576.7, 3428.6 (OH), 
3064.6, 3011.5, 2938.6 (CH), 2837.9 (OCH3), 2225.6 (acetylene), 1597.4 (Ar, 
s), 1560.3, 1489.6, 1442.1, 1288.3, 1232.3, 1164.1, 1040.9, 980.5, 887.8; δH(CDCl3) 3.20 (1H, 
s, OH), 3.75 (3H, s, OCH3), 4.48 (1H, d, J = 12.9Hz, SCH2), 5.08 (1H, d, J = 12.9Hz, SCH2), 
6.65 (1H, dd, J1 = 2.7 and J2 = 8.8Hz, Ar-H), 6.74 (1H, d, J = 2.7Hz, Ar-H), 7.24-7.32 (3H, m, 
O
HO
OCH3
S
HO
OCH3
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Ar-H), 7.40 (3H, m, Ar-H), 7.60 (2H, dd, J1 = 2.4 and J2 = 6.7Hz, Ar-H), 7.93 (1H, dd, J1 = 2.7 
and J2 = 6.1Hz, Ar-H), 8.05 (1H, d, J = 8.8Hz, Ar-H); δC(CDCl3) 35.2 (SCH2), 55.7 (OCH3), 75.6 
(C-OH), 89.6 and 90.9 (acetylene C), 111.2, 114.3 (CH, Ar), 122.6 (quat. Ar), 125.8, 128.2, 
128.3, 128.9, 129.3, 129.4, 130.1 (CH, Ar), 130.6 (quat. Ar), 132.2 (CH, Ar), 133.2, 136.2, 
141.5, 159.7 (quat. Ar); HRMS: m/z 358.10443 (M+, 100%), 341.05223 (66.50, C23H17OS), 
324.99833 (38.63, C23H17O2), 281.05185 (29.55, C17H13O2S), 243.04163 (50.24, C15H15OS), 
167.00293 (43.55, C13H11), 148.99016 (92.12, C8H5OS), 71.08639 (15.68, C3H3S); C23H18O2S 
requires M+ 358.10275. 
 
Phenylacetylene (0.37 g, 3.63 mmol) in anhydrous THF, lithium amide (0.47 g, 0.024 mol) and 
dibenzosuberenone (0.5 g, 2.42 mmol) afforded 5-phenylethynyl-5H-
dibenzo[a,d]cyclohepten-5-ol (5.3) (0.22 g, 30%) as a colourless gum; 
νmax(CHCl3)/cm-1 3596.2 and 3356.3 (OH), 3066.8, 3009.4 (CH), 2226.9 
(acetylene), 1597.9 (w), 1486.5, 1436.6, 1333.1, 1205.8, 1173.3, 1117.9, 
1039.4, 982.8, 795.7; δH(CDCl3) 3.21 (1H, s, OH), 7.24 (2H, s, CH=CH), 7.31-7.41 (5H, m, Ar-
H), 7.42-7.51 (6H, m, Ar-H), 8.18 (2H, d, J = 7.5Hz, Ar-H); ); δC(CDCl3) 73.2 (C-OH), 90.8 (2 × 
acetylene C), 122.9 (quat. Ar), 124.2, 127.6, 128.7, 128.8, 128.9, 129.7, 131.9, 132.1 (CH, Ar), 
133.2, 140.8 (quat. Ar); HRMS: m/z 308.120116 (M+, 100%), 290.9846 (21.13, C23H15), 
230.9715 (37.28, C17H11O), 177.9887 (20.18, C14H10), 164.9873 (15.78, C13H9), 83.9060 
(82.80, C5H8O), 27.9908 (23.41, CO); C23H16O requires M+, 308.120115.  
 
Phenylacetylene (0.34 g, 3.37 mmol) in anhydrous THF, lithium amide (0.47 g, 0.024 mol) and 
dibenzo[a,d][1,4]cyclooctadien-5-one (0.5 g, 2.25 mmol) afforded 12-
phenylethynyl-5,6,7,12-tetrahydro-dibenzo[a,d]cycloocten-12-ol (5.4), (0.51 
g, 70%), as a light-yellow gum, νmax(CHCl3)/cm-1  3577.8 and 3436.1 (OH), 
3065.7, 3011.1, 2948.4, 2884.0, 2852.3 (CH), 2220.7 (acetylene), 1598.9, 
1574.1, 1490.2, 1464.5, 1444.8, 1323.1, 1245.3, 1152.9, 943.7, 903.4, 826.5; δH(CDCl3) 1.68 
(2H, q, J = 6.1Hz, -CH2CH2CH2-), 2.64 (4H, s (broad), -CH2CH2CH2-), 2.83 (1H, s, OH), 7.12 
(2H, dd, J1 = 2.5 and J2 = 7.5Hz, Ar-H), 7.25-7.43 (9H, m, Ar-H), 8.21 (2H, d, J = 6.2Hz, Ar-H); 
δC(CDCl3) 30.5, 32.8 (CH2CH2CH2), 76.0 (C-OH), 86.9, 95.1 (acetylene C), 123.2 (quat. Ar), 
126.8, 128.6, 128.8 (CH, Ar), 128.9 (quat. Ar), 129.2, 130.9. 131.9 (CH, Ar), 138.8, 144.0 
(quat. Ar); HRMS: m/z 324.14920 (M+, 100%), 295.11600 (16.82, C22H15O), 278.11056 (12.74, 
C22H14), 233.09565 (57.84, C17H13O), 215.08721 (64.78, C17H11), 191.08539 (25.63, C14H7O), 
165.06869 (19.36, C13H9), 91.05848 (27.91, C7H7); C24H20O requires M+ 324.15142. 
 
 
 
 
HO
HO
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5.8.3 Acid-catalyzed rearrangement of 5.1 and 5.3 
 
3-Methoxy-11-phenylethynyl-6,11-dihydro-dibenzo[b,e]oxepin-11-ol (5.1) (1.0 g, 3.92 mmol) 
was subjected to demethylation as described by the general method in Chapter 
two, Section 2.10.3 to give 2-(3-methoxy-6H-dibenzo[b,e]oxepin-11-ylidene)-
1-phenyl-ethanone (5.5) (0.6 g, 60%) as a yellow solid m.p. 145.3-147.4°C; 
νmax(CHCl3)/cm-1 3024.5 (CH), 1672.0 (C=O), 1592.6 (Ar), 1490.3, 1326.3, 
1301.5, 1088.3, 1028.6, 967.9, 930.4; δH(CDCl3)  3.79 (3H, s, -OCH3), 5.30 (2H. s (broad), -
OCH2-), 6.42 (1H, d, J = 2.6 Hz, Ar-H), 6.60 (1H. dd, J1 = 2.6 and J2 = 8.7Hz, Ar-H), 7.17 (1H, 
s, -CH), 7.20-7.55 (8H, m, Ar-H), 7.93 (2H, d, J= 7.0Hz, Ar-H); δC(CDCl3) 55.8 (OCH3), 71.0 
(OCH2), 104.2, 109.2 (CH, Ar), 118.9 (quat. Ar), 125.1, 128.3, 128.44, 128.8, 128.8, 129.1, 
129.2, 131.1, 133.2 (CH, Ar), 132.8, 138.9, 141.1, 153.9, 157.9, 162.4 (quat. Ar), 192.6 (C=O); 
HRMS: m/z 342.125601 (M+, 81.34%), 236.9779 (24.03, C16H13O2), 164.9873 (17.18, C13H9), 
104.9779 (100, C7H5O), 76.9964 (36.72, C6H5), 27.9915 (19.31, CO); C23H18O3 requires M+, 
342.125595. 
 
5-Phenylethynyl-5H-dibenzo[a,d]cyclohepten-5-ol (5.3) (1.0 g, 3.25 mmol) in methanol with a 
catalytic amount of concentrated sulphuric acid added, was refluxed for 2 hours. The reaction 
mixture was cooled, water added and extracted with diethyl ether. The organic extracts were 
combined and washed with Na2CO3. The solvent was removed in vacuo to give 5H-
dibenzo[a,d]cyclohepten-5-ylidene)-1-phenyl-ethanone (5.6) (0.8g, 80%) as a yellow gum; 
νmax(CHCl3)/cm-1 3068.3 and 3012.1 (CH), 1644.2 (C=O), 1598.8 (Ar), 1489.6, 
1448.6, 1317.2, 1267.7, 1176.5, 1016.7, 959.0; δH(CDCl3)  6.58 (1H, s, CH), 6.99 
(2H, dd, J = 2.9Hz, CH=CH), 7.08-7.10 (6H, m, Ar), 7.40 (2H, m, Ar), 7.48 (1H, m, 
Ar), 7.61 (2H, m, Ar), 7.79 (2H, d, J1 = 1.0 and J2 = 8.3Hz, Ar); δC(CDCl3) 127.4, 
128.4, 128.4, 128.5, 128.7, 128.8, 128.9, 129.2, 129.4, 129.5, 130.0, 131.5, 131.7, 132.9 (CH), 
134.2 (2 overlapping signals), 136.9, 138.1, 140.2, 153.2 (quat. Ar), 195.1 (C=O); HRMS: m/z 
308.12031 (M+, 7.45%), 219.99072 (100, C17H15), 206.07317 (17.78, C15H10O), 178.07851 
(27.86, C14H10), 125.99398 (5.47, C9H2O), 111.99402 (11.43, C9H4), 76.01107 (5.06, C6H4); 
C23H16O requires M+, 308.12012. 
 
5.8.4 Sonagashira coupling 
 
General method 
 
To a mixture of 5-ethynyl-5H-dibenzo[a,d]cyclohepten-5-ol (5.7) (1g, 4.3 mmol) and p-
iodoanisole or p-N,N-dimethylphenylacetylene (1 equiv) in diethylamine (40 cm-3) was added 
bis[triphenylphosphine]palladium dichloride (140 mg, 0.2 mmol) and copper(I)iodide (10 mg, 
O
OCH3
H O
H O
  
221 
0.1 mmol). The reaction mixture was stirred at room temperature for 24 hours under nitrogen 
after which the solvent was removed under reduced pressure. The residue was extracted with 
dicloromethane and purified by chromatography on silica gel using 1:1 
hexane/dichloromethane as eluent.  
 
5-Ethynyl-5H-dibenzo[a,d]cyclohepten-5-ol (5.7) (1.0 g, 4.3 mmol) afforded 
1,4-di-(5H-dibenzo[a,d]cyclophepten-5-ol)-buta-1,3-diyne (5.9) (0.89 g, 
90%) as a white solid; m.p. 297.8-299.4°C; νmax(CHCl3)/cm-1 3572.3 and 
3364.1 (OH), 3066.9, 3010.5, 2955.0, 2927.1, 2860.3 (CH), 2228.4 and 
2188.7 (acetylene), 1605.4, 1522.8, 1483.2, 1445.1,1366.1, 1194.2, 1170.3, 946.9, 819.8;  
δH(d-DMSO) 2.50 (2H, quintet, J = 1.7Hz, OH), 7.07 (4H, s, CH=CH), 7.27 (4H, t, J1 = 1.2 and 
J2 = 6.9Hz, Ar-H), 7.36-7.42 (8H, m, Ar-H), 7.78 (4H, dd, J1 = 0.9 and J2 = 7.5Hz, Ar-H);  δC(d-
DMSO) 65.7 (C-OH), 70.1 and 82.3 (acetylene C), 123.5, 127.9, 129.2, 129.6, 132.1 (CH, Ar), 
133.1 and 140.8 (quat. Ar); HRMS: m/z 462.162523 (M+, 44%), 444.1506 (30, C34H20O), 
256.0877 (27, C19H12O), 206.0714 (38, C15H10O), 194.0708 (100, C15H14), 178.0779 (63, 
C14H10), 165.0705 (18, C13H9), C34H22O2 requires M+ 462.161980.  
 
5-Ethynyl-5H-dibenzo[a,d]cyclohepten-5-ol (5.7) (1.0 g, 4.3 mmol) and p-iodoanisole (1.0 g,  
4.3 mmol) afforded 5-(4-methoxy-phenylethynyl)-5H- 
dibenzo[a,d]cyclohepten-5-ol (5.10) (0.22 g, 15%) as a yellow gum, 
νmax(CHCl3)/cm-1 3599.6 (OH, free), 3067.9, 3011.2, 2961.1 (CH), 2839.9 (OCH3), 
2226.3 (acetylene), 1606.7, 1510.3, 1484.5, 1465.9, 1440.6, 1291.6, 1248.7, 
1173.1, 1118.0, 1035.8, 983.1, 949.9, 833.6; δH(CDCl3) 3.32 (1H, s, OH), 3.82 
(3H, s, OCH3), 6.87 (2H, d, J = 8.8Hz, Ar-H), 7.22 (2H, s, CH=CH), 7.35-7.50 (8H, m, Ar-H), 
8.19 (2H, d, J = 7.9Hz, Ar-H); δC(CDCl3) 55.7 (OCH3), 89.5 (2 × acetylene C’s), 73.3 (C-OH), 
114.3 (CH, Ar) 115.0, 124.4 (quat. Ar), 127.6, 128.8, 129.7, 131.9, 133.2, 133.6 (CH, Ar), 
141.0, 160.2 (quat. Ar); HRMS: m/z 338.131149 (M+, 100%), 321.0841 (11.53, C24H17O), 
231.0557 (19.30, C17H11O), 206.0531 (13.05, C15H10O), 191.0681 (5.14, C15H10), 178.0589 
(33.14, C14H10), 144.0405 (10.26, C10H8O), 132.0459 (13.27, C9H8O), 77.0272 (6.92, C6H5); 
C24H18O2 requires M+, 338.130680. 
 
5-Ethynyl-5H-dibenzo[a,d]cyclohepten-5-ol (5.7) (1.0 g, 4.3 mmol) and p-N,N-
dimethylphenylacetylene  (0.62 g, 4.3 mmol) afforded 5-[4-(4-
dimethylamino-phenyl)-buta-1,3-diynyl]-5H-dibenzo[a,d]cyclohepten-5-
ol (5.11) (0.80 g, 50%) as a dark-brown gum, νmax(CHCl3)/cm-1 3572.3 and 
3364.1 (OH), 3066.9, 3010.5, 2927.1 (CH), 2860.3, 2807.7, 2228.4 and 
2188.7 (acetylenic), 1605.4, 1522.8, 1483.2, 1445.1, 1366.1, 1170.3, 946.9, 
HO
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819.8; δH(CDCl3) 2.98 (6H, s, N(CH3)2), 3.28 (1H, s, OH), 6.61 (2H, d, J = 8.9Hz, Ar-H), 7.22 
(2H, s, CH=CH), 7.30-7.50 (8H, m, Ar-H), 8.10 (2H, d, J = 7.9Hz, Ar-H); δC(CDCl3) 40.5 
(N(CH3)2), 72.1 (C-OH), 81.5 (2 × acetylene C) 82.9 (2 × acetylene C), 107.8 (quat. Ar), 112.1, 
123.9, 127.7, 128.9, 129.6, 131.9 (CH, Ar), 133.1 (quat. Ar), 134.4 (CH, Ar), 140.3, 151.1 
(quat. Ar); HRMS: m/z 375.164726 (M+, 27.29%), 358.1846 (8.79, C27H20N), 206.1034 (35.17, 
C15H10O), 182.1224 (92.54, C14H14), 181.1151 (100, C14H13), 178.1060 (52.61, C14H10), 
169.1139 (52.74, C12H11N), 168.1077 (35.36, C12H10N), 165.0944 (11.58, C13H9), 152.0781 
(12.75, C12H8), 83.9649 (38.57, C4H6NO); C27H21NO requires M+ 375.162314. 
 
5.8.5 Synthesis of lactones 
 
General method 
 
To an anhydrous THF-solution of 2-iodoethylbenzoate (1.0 g, 3.63 mmol) maintained at -40°C, 
was added a freshly prepared solution of ethylmagnesium bromide in THF (0.48 g, 3.63 mmol). 
We found that addition of ethylmagnesium bromide to the aromatic iodo-ester at -40°C, 
effected complete magnesium-iodine exchange after 30 minutes.21 The progress of the 
exchange reaction was monitored by GLC (for the disappearance of 2-iodoethylbenzoate) and 
the ketone (that had been activated for Grignard reaction by the addition of cerium chloride) 
was added when the reaction was complete. The ethyl ester was hydrolyzed on mild acidic 
work-up with ammonium chloride and underwent spontaneous cyclization to the lactone, which 
was isolated as the major product. After approximately 30 minutes the exchange reaction was 
complete and a suspension of the ketone (0.5 g, 2.42 mmol) - activated with CeCl3.6H2O 
(2.57g, 7.26 mmol) in THF, was added all at once. The reaction mixture was allowed to come 
to room temperature and then refluxed overnight. The cooled mixture was poured into aqueous 
NH4Cl solution and extracted with diethyl ether. The organic layer was washed with water, 
dried (Na2SO4) and the excess solvent removed in vacuo. The crude solid product was 
subjected to preparative layer chromatography using 1:1 CH2Cl2/hexane as eluent. 
 
Dibenzosuberenone (0.5 g, 2.42 mmol) afforded spiro[10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-(3’,4’H)-phenyl-5,2’(5’H)-furan-5’-one] (5.24), (0.38 
g, 50%), m.p. 211.3-213.9°C; νmax(CHCl3)/cm-1 3029.5 (OH), 1764.4 (lactone 
C=O), 1611.5 (aromatic), 1595.1, 1488.2, 1465.8, 1288.8, 1247.4, 1214.6, 
1126.4 1103.1, 993.5, 908.8, 800.7, 756.8; δH(CDCl3) 7.19 (2H, s, CH=CH), 7.37 
(4H, m, Ar), 7.43-7.57 (4H, m, Ar), 7.82-7.92 (3H, m, Ar), 8.37 (1H, d, J = 7.7Hz, Ar-H); 
δC(CDCl3) 89.5 (C-O, lactone), 124.5 (quat. Ar), 125.0, 125.1, 126.4, 128.6, 129.5, 130.2, 
                                                 
21
 M. Rottländer, L. Boymond, L. Bérillon, A. Leprêtre, G. Varchi, S. Avolio, H. Laaziri, G. Quéguiner, A. Ricci, G. Cahiez and P. 
Knöchel, Chem. Eur. J., 2000, 6(5), 767-770. 
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131.1, 133.0 (CH, Ar), 133.9 (quat. Ar), 134.3 (CH, Ar), 137.5, 153.5 (quat.Ar) and 169.7 (C=O, 
lactone); HRMS: m/z 310.099329 (M+, 100%), 264.9605 (57.10, C21H13), 177.9847 (27.27, 
C11H14O2), 148.9448 (39.25, C10H13O), 103.9692 (65.29, C7H4O), 75.9886 (22.84, C6H5), 
27.9913 (44.24, CO);  C22H14O2 requires M+, 310.099380.  
 
3-Methoxy-6H-dibenzo[b,e]thiepin-11-one (0.5 g, 2.21 mmol) afforded spiro[3-methoxy-6,11-
dihydrodibenz[b,e]oxepin-11,2’-[(3’,4’H)-phenyl]-(5’H)-furan-5’-one] (5.25), 
(0.36 g, 51%), m.p. 158.2-160.4°C; νmax(CHCl3)/cm-1 3020.9, 2967.4 (CH), 
1750.1 (C=O, lactone), 1620.1 (aromatic), 1497.1, 1465.0, 1288.6, 1229.8, 
1112.2, 1037.3, 898.3, 737.9; δH(CDCl3) 3.81 (3H, s, OCH3), 5.23 (1H, d, J= 13.9Hz, OCH2), 
5.80 (1H, d, J  = 13.9Hz, OCH2), 6.47 (1H, dd, J1 = 2.7 and J2 = 8.9Hz, H2, Ar-H), 6.62 (1H, d, 
J = 2.7Hz, H4, Ar-H), 7.03 (1H, d, J = 8.9Hz, H1, Ar-H), 7.14-7.22 (2H, m, Ar-H), 7.30-7.37 (2H, 
m, Ar-H), 7.60 (1H, t, J = 7.4Hz, Ar-H), 7.73 (1H, t, J = 7.6Hz, Ar-H), 7.85 (1H, d, J = 7.8Hz, Ar-
H), 7.98 (1H, d, J = 7.6Hz, Ar-H); δC(CDCl3) 55.8 (OCH3), 73.4 (OCH2), 91.7 (C-O, spiro C), 
106.4, 109.7 (CH, Ar), 120.9, 126.0 (quat. Ar), 126.1, 126.4, 127.0, 128.6, 128.8, 129.6, 129.9, 
130.1 (CH, Ar), 131.0 (quat. Ar), 134.5 (CH, Ar), 137.3, 153.8, 159.8, 161.9 (quat. Ar), 170.0 
(C=O, lactone); HRMS: m/z 344.104822 (M+. 66.91%), 299.9459 (81.28, C21H16O2), 284.9396 
(19.64, C20H13O2), 256.9523 (27.42, C19H13O), 238.9495 (33.11, C16H15O2), 214.9688 (30.28, 
C14H15O2), 201.9619 (25.77, C13H14O2), 164.9824 (21.07, C13H9), 103.9667 (36.70, C7H4O), 
91.0039 (72.95, C7H7), 27.9912 (100, CO); C22H16O4 requires M+, 344.104859. 
 
5.8.6 Demethylation of 5.23 to form spiro[3-methoxy-6,11-dihydrodibenz[b,e]oxepin-
11,2’-[(3’,4’H)-phenyl]-(5’H)-furan-5’-one] 5.24 
 
Spiro[3-methoxy-6,11-dihydrodibenz[b,e]oxepin-11,2’-[(3’,4’H)-phenyl]-(5’H)-furan-5’-one] 
(5.24) (0.5 g, 1.45 mmol) and excess pyridine hydrochloride was heated to 200°C in a conical 
flask fitted with a reflux condenser for 15 minutes. Water was poured onto the cooled melt and 
the mixture extracted with ether. The ethereal extracts were combined, dried (Na2SO4), the 
solvent evaporated and the residue chromatographed using silica gel and 1:1 
hexane/dichloromethane as eluent to give spiro[3-hydroxy-6,11-dihydrodibenz[b,e]oxepin-
11,2’-[(3’,4’H)-phenyl]-(5’H)-furan-5’-one] (5.21), (0.28 g, 60%), m.p. 181.0-
183.0°C; νmax(CHCl3)/cm-1 3592.2, 3301.9 (phenolic OH), 3024.8 (CH), 
1757.9 (C=O, lactone), 1615.1 (aromatic), 1503.2, 1466.3, 1288.0, 1231.7, 
1112.2, 1038.9, 908.7, 798.0; δH(CDCl3) 5.21 (1H, d, J = 13.9Hz, OCH2), 5.73 
(1H, d, J = 13.9Hz, OCH2), 5.84 (1H, s (broad), phenolic OH), 6.39 (1H, dd, J1 = 2.7 and J2 = 
8.8Hz, H2, Ar-H), 6.54 (1H, d, J = 2.6Hz, H4, Ar-H), 6.97 (1H, d, J = 8.8Hz, H1, Ar-H), 7.12-7.22 
(2H, m, Ar-H), 7.25-7.38 (2H, m, Ar-H), 7.59 (1H, t, J1 = 0.8 and J2 = 7.4Hz, Ar-H), 7.73 (1H, t, 
J1 = 1.1 and J2 = 7.3Hz, Ar-H), 7.84 (1H, d, J = 7.8Hz, Ar-H), 7.98 (1H, d, J = 7.6Hz, Ar-H); 
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δC(CDCl3) 73.3 (OCH2), 91.9 (C-O, spiro C), 108.3, 110.8 (CH, Ar), 120.9, 125.9 (quat. Ar), 
126.2, 126.4, 127.0, 128.6, 128.8, 129.6, 130.0, 130.3, 134.6 (CH, Ar), 137.2, 137.3, 153.8, 
158.3, 159.9 (quat. Ar), 170.4 (C=O, lactone); HRMS: m/z 330.088692 (M+, 35.58%), 
286.097710 (54.41, C20H14O2), 215.083607 (28.81, C13H11O3), 202.074917 (22.28, C12H10O3), 
197.058060 (23.86, C14H13O), 152.057907 (7.77, C8H8O3), 89.040722 (24.94, C7H5), 
76.031471 (39.15, C6H4), 27.1284 (100, C2H3); C21H14O4 requires M+, 330.089209. 
 
5.8.7 Synthesis of halo-ketones 
 
General method 
 
2-(3-Chlorophenyloxymethyl)benzoic acid (13.5 g, 59.0 mmol) and trifluoroacetic anhydride 
(12.5 g, 59.5 mmol) in dichloromethane (150 cm3) were treated with a catalytic amount of 
boron trifluoride etherate (1.5 g, 10.5 mmol) and the mixture stirred at room temperature for 
72 h. The solution was extracted with CH2Cl2 (300 cm3) and the organic layer washed 
successively with 20% NaOH (2×200 cm3) and water (300 cm3) and dried (Na2SO4). The dried 
solution was concentrated and the resultant residue crystallized from benzene/pet.ether (b.p. 
40-60°C), to afford 3-Chloro-6H-dibenzo[b,e]oxepin-11-one (5.26) (12.3g, 85%), m.p. 106.2-
107.2°C; νmax(CHCl3)/cm-1 3011.2 (CH), 1644.7 (C=O), 1592.9, 1554.0, 1462.5, 
1412.0, 1370.9, 1299.0, 1277.1, 1150.3, 1082.7 and 1024.4; δH(CDCl3) 5.22 
(2H, s, OCH2), 7.13 (2H, dd, J1 = 2.0 and J2 = 8.6Hz, Ar-H), 7.39 (1H, dd, J1 = 
0.8 and J2 = 7.0Hz, Ar-H), 7.51 (1H, d of t, J1 = 1.3 and J2 = 7.6Hz, Ar-H), 7.6 (1H, d of t, J1 = 
1.5 and J2 = 7.4Hz, Ar-H), 7.93 (1H, dd, J1 = 1.2 and J2 = 7.6Hz, Ar-H), 8.23 (1H, d, J = 8.5Hz, 
Ar-H); δC(CDCl3) 74.2  (OCH2), 121.0, 123.2 (CH, Ar), 124.4 (quat. Ar), 128.3, 129.8, 130.0, 
133.4, 133.7 (CH, Ar), 135.6, 140.6, 141.4, 162.0 (quat. Ar) and 190.3 (C=O); HRMS: m/z 
246.02611 (32.97, C14H9O237Cl), 245.02638 (25.53), 244.02915 (M+, C14H9O235Cl, 100%), 
215.02594 (33.35, C13H8O35Cl), 181.06540 (34.64, C13H9O), 152.06253 (39.74, C12H8) 
89.03818 (18.89, C7H5) and 63.02414 (21.62, C5H3); C14H935ClO2 requires M+, 244.02911. 
 
2-(3-Fluorophenyloxymethyl)benzoic acid (14.5 g, 59.0 mmol) afforded 3-fluoro-6H-
dibenzo[b,e]oxepin-11-one (5.27), (8.1 g, 60%), m.p. 74.9-76.2°C; 
νmax(CHCl3)/cm-1 3081.2, 3028.6, 3012.4, 2962.4, 2929.0 (CH), 1647.2 (C=O), 
1611.7, 1577.3, 1479.5, 1458.2, 1424.0, 1374.9, 1300.6, 1252.8, 1165.5, 
1139.1, 1101.7, 1031.0, 943.0, 917.2, 860.0, 827.8; δH(CDCl3) 5.22 (2H, s, OCH2), 6.76 (1H, 
dd, J1 = 3.0 and J2 = 9.8Hz, Ar-H), 6.87 (1H, dd, J1 = 2.6 and J2 = 8.0Hz, Ar-H), 7.39 (1H, d, J 
= 7.5Hz, Ar-H), 7.50 (1H, d of t, J1 = 1.2 and J2 = 7.6Hz, Ar-H), 7.59 (1H, d of t, J1 = 1.4 and J2 
= 7.4Hz, Ar-H), 7.91 (1H, d, J1 = 1.3 and J2 = 7.6Hz, Ar-H), 8.14 (1H, dd, J1 = 9.1 and J2 = 
7.0Hz, Ar-H); δC(CDCl3) 74.3 (OCH2), 107.2, 107.5, 110.7, 110.9 (CH, Ar), 122.6, 122.7 (quat. 
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Ar), 128.3, 129.8, 129.9, 133.3, 134.9, 135.1 (CH, Ar), 135.5, 140.8, 163.2, 163.4, 165.5, 168.9 
(quat. Ar), 190.1 (C=O); HRMS: m/z 228.057636 (M+, 100%), 227.0298 (44.50, C14H8FO2), 
199.060757 (65.59, C13H8FO), 170.059387 (25.21, C12H7F), 152.070049 (8.56, C12H8), 
89.014956 (40.90, C7H5), 63.028644 (37.78, C5H3); C14H9FO2 requires M+, 228.058658. 
 
5.8.8 Synthesis of amino-substituted ketones 
 
General method 
 
To a solution of the 3-halo-6H-dibenzo[b,e]oxepin-11-one (1.0 g 4.1 mmol) in anhydrous 
DMSO or sulfolane, was added 5 equivalents of the respective amine and the mixture refluxed 
for 2-24 hours. The progress of the reaction was monitored by TLC. After 24 hours, the 
reaction was quenched by pouring the cooled mixture into water and the solid extracted with 
dichloromethane. The organic extracts were combined, dried over Na2SO4 and the solvent 
removed in vacuo to leave a residue that was subjected to purification via preprative layer 
chromatography (silica gel and 1:1 ratio of CH2Cl2/hexane as eluent). 
 
3-Chloro-6H-dibenzo[b,e]oxepin-11-one (1.0 g 4.1 mmol) afforded 3-morpholin-4-yl-6H-
dibenzo[b,e]oxepin-11-one (5.28), (0.84 g, 70%), m.p. 140.0-142.2°C; 
νmax(CHCl3)/cm-1 3011.8, 2973.0, 2925.5, 2898.7, 2864.1 (CH), 1632.9 
(C=O), 1595.8, 1577.8, 1501.2, 1457.8, 1432.4, 1384.1, 1305.6, 1235.7, 
1189.3, 1129.5, 1112.6, 1039.8, 960.4, 927.4, 877.4, 831.7; δH(CDCl3) 3.31 (4H, t, J = 5.0Hz, 
N-CH2), 3.84 (4H, t, J = 4.8Hz, CH2O, morpholine), 5.17 (2H, s, OCH2), 6.38 (1H, d, J = 2.5Hz, 
Ar-H), 6.66 (1H, dd, J1 = 2.6 and J2 = 9.2Hz, Ar-H), 7.35 (1H, dd, J1 = 1.3 and J2 = 7.2Hz, Ar-
H), 7.46 (1H, t, J1 = 1.4 and J2 = 7.5Hz, Ar-H), 7.52 (1H, t, J1 = 1.5 and J2 = 7.4Hz, Ar-H), 7.95 
(1H, d, J1 = 1.5 and J2 = 7.6Hz, Ar-H), 8.18 (1H, d, J = 9.2Hz, Ar); δC(CDCl3) 47.6, 66.9 (CH2, 
morpholine), 74.1 (OCH2), 103.0, 109.5 (CH, Ar), 117.5 (quat. Ar), 128.0, 129.5, 129.9, 132.6, 
134.2 (CH, Ar), 136.1, 140.9, 156.6, 163.5 (quat. Ar), 189.1 (C=O); HRMS: m/z 295.11935 (M+, 
98.24%), 237.0754 (55.13, C16H15NO), 204.10367 (100, C11H10NO3), 152.06275 (10.17, 
C12H8), 119.04907 (31.30, C8H7O), 89.03767 (10.27, C7H5); C18H17NO3 requires M+, 
295.12084. 
 
3-Chloro-6H-dibenzo[b,e]oxepin-11-one (1.0 g 4.1 mmol) afforded 3-piperidin-4-yl-6H-
dibenzo[b,e]oxepin-11-one (5.29), (0.68 g, 60%), m.p. 86.0-88.8°C; 
νmax(CHCl3)/cm-1 3010.2, 2941.4, 2859.1 (CH), 1629.0 (C=O), 1593.6, 
1573.8, 1457.3, 1396.1, 1310.5, 1235.9, 1189.5, 1162.8, 1119.7, 1024.0, 
926.7;δH(CDCl3) 1.63 (6H, s, -CH2-), 3.35 (4H, s, -CH2-), 5.13 (2H, s, OCH2), 6.12 (1H, d, J = 
2.6Hz, Ar-H), 6.62 (1H, dd, J1 = 2.6 and J2 = 9.3Hz,     Ar-H), 7.32 (1H, dd, J1 = 1.5 and J2 = 
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7.1Hz, Ar-H), 7.42-7.51 (2H, m, Ar-H), 7.96 (1H, dd, J1 = 1.4 and J2 = 7.5Hz, Ar-H), 8.18 (1H, 
d, J = 9.2Hz, Ar-H); δC(CDCl3) 24.8, 25.7, 48.7 (-CH2-), 74.0 (OCH2), 102.4, 109.6 (CH, Ar), 
116.1 (quat. Ar), 127.9, 129.4, 129.9, 132.4, 134.2 (CH, Ar), 136.2, 141.1, 156.5, 163.7 (quat. 
Ar), 188.6 (C=O); HRMS: m/z 293.14064 (M+, 100%), 292.13420 (48.77, C19H18NO2), 
278.11837 (1.76, C18H16NO2), 264.13056 (5.64, C17H14NO2), 237.07306 (6.84, C16H13O2), 
208.09024 (5.12, C15H12O), 181.0864 (7.72, C13H9O), 152.0481 (C12H8); C19H19NO2 requires 
M+ 293.14158. 
 
3-Chloro-6H-dibenzo[b,e]oxepin-11-one (1.0 g 4.1 mmol) afforded 3-N, N-dimethyl-6H-
dibenzo[b,e]oxepin-11-one (5.30), (0.46 g, 45%), m.p. 133.3-135.9°C; 
νmax(CHCl3)/cm-1 3034.9 and 2930.9 (CH), 1636.6 (C=O), 1596.2, 1567.3, 
1451.7, 1376.6, 1313.0, 1209.0, 1116.5, 937.4, 769.8; δH(CDCl3) 3.02 (6H, 
s, N(CH3)2), 5.15 (2H, s, OCH2), 6.18 (1H, d, J = 2.6Hz, Ar-H), 6.49 (1H, dd, J1 = 2.6 and J2 = 
9.2Hz, Ar-H), 7.33 (1H, dd, J1 = 1.7 and J2 = 7.1Hz, Ar-H), 7.48 (2H, m, Ar-H), 7.98 (1H, dd, J1 
= 1.5 and J2 = 7.5Hz, Ar-H), 8.21 (1H, d, J = 9.2Hz, Ar-H); δC(CDCl3) 40.3 (CH3), 74.1 (OCH2), 
100.3, 107.8 (CH, Ar), 115.5 (quat. Ar), 127.9, 129.4, 130.0, 132.3, 134.3 (CH, Ar), 136.2, 
141.2, 155.9, 163.5 (quat. Ar), 188.6 (C=O); HRMS: m/z 253.110204 (M+, 68.18%), 224.1027 
(17.53, C14H10NO2), 208.0887 (6.89, C14H8O2), 181.0669 (11.09, C13H9O), 152.0610 (10.91, 
C12H8), 89.0393 (6.48, C7H5); C16H15NO2 requires M+, 253.110279. 
 
3-Fluoro-6H-dibenzo[b,e]oxepin-11-one (5.27) (1.0 g, 4.38 mmol) afforded 3-N,N-diethyl-6H-
dibenzo[b,e]oxepin-11-one (5.31), (0.86 g, 70%), m.p. 46.1-48.2°C; 
νmax(CHCl3)/cm-1 3010.4, 2976.8 (CH), 1627.7 (C=O), 1592.4, 1570.5, 
1534.1, 1458.1, 1403.4, 1357.8, 1313.0, 1271.1, 1245.8, 1207.6, 1163.6, 
1121.1, 925.7, 833.0, 743.7; δH(CDCl3) 1.21 (6H, t, J = 7.1Hz, -CH3), 3.42 (4H, q, J = 7.1Hz, -
CH2), 5.16 (2H, s, OCH2), 6.18 (1H, d, J = 2.6Hz, Ar-H), 6.50 (1H, dd, J1 = 2.6 and J2 = 9.3Hz, 
Ar-H), 7.35 (1H, dd, J1 = 1.6 and J2 = 7.1Hz, Ar-H), 7.43-7.52 (2H, m, Ar-H), 7.99 (1H, dd, J1 = 
1.5 and J2 = 7.5Hz, Ar-H), 8.20 (1H, d, J = 9.3Hz, Ar-H); δC(CDCl3) 13.1 (CH3), 45. (CH2), 74.1 
(OCH2), 99.6, 107.5 (CH, Ar), 114.9 (quat. Ar), 127.9, 129.4, 130.0, 132.2, 134.6 (CH, Ar), 
136.2, 141.3, 153.8, 163.8 (quat. Ar), 188.3 (C=O); HRMS: m/z 281.141144 (M+, 47.26%), 
266.113936 (100, C17H16NO2), 208.070282 (5.70, C14H8O2), 181.059874 (7.89, C13H9O), 
152.058587 (13.97, C12H8), 89.036098 (5.11, C7H5); C18H19NO2 requires M+, 281.141579. 
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5.8.9 Microwave-induced ring contraction/substitution 
 
To a beaker containing 2-chloro-6H-dibenzo[b,e]oxepin-11-one22 (5.32) (1.0 g, 4.1 mmol) 
dissolved in excess glycerol, was added excess morpholine (10 equivalents). The beaker was 
covered with a watch-glass and heated using microwave dielectric heating at 200 Watt for a 
total time of 3 minutes with pauses every 30 seconds to stir the solution and allow cooling to 
prevent evaporation of morpholine. The solution changed colour from white to dark orange 
during heating and the reaction was quenched by pouring the reaction mixture into water and 
extracting with diethyl ether. The organic extracts were combined, dried over Na2SO4 and the 
solvent removed in vacuo. The residue was subjected to preparative layer 
chromatography using successive elutions with 1:1 CH2Cl2/hexane to give 
2-morpholin-4-yl-anthraquinone (5.33), (0.29 g, 25%), m.p. 237.6-
239.8°C; νmax(CHCl3)/cm-1 3010.0 (CH), 1671.1 (C=O), 1591.9, 1444.4, 
1328.6, 1290.6, 1241.5, 1102.9, 1044.0, 917.1; δH(CDCl3) 3.48 (4H, t, J = 5.1Hz,  -CH2-), 3.90 
(4H, t, J = 4.8Hz, -CH2-), 7.19 (1H, dd, J1 = 2.8 and J2 = 8.8Hz,  Ar-H), 7.27 (1H, s, Ar-H), 7.67 
(1H, d, J = 2.7Hz, Ar-H), 7.74-7.81 (2H, m, Ar-H), 8.22 (1H, d, J = 8.8Hz, Ar-H), 8.30 (2H, t, J1 
= 1.9 and J2 = 6.4Hz, Ar-H); δC(CDCl3) 47.6, 66.9 (-CH2-), 111.1, 118.6 (CH, Ar), 124.8 (quat. 
Ar), 127.4, 127.5, 130.0, 133.7 (CH, Ar), 134.1 (quat. Ar), 134.5 (CH, Ar), 135.4, 154.9, 169.7 
(quat. Ar), 182.2, 184.3 (C=O); HRMS: m/z 293.105873 (M+, 23.69%), 235.2197 (37.56, 
C16H13NO), 207.1836 (5.45, C14H7O2), 151.1489 (8.99, C12H7), 28.0237 (100, CO); C18H15NO3 
requires M+, 293.105193. 
 
According to the general method for Grignard reactions (Chapter two, section 2.10.2) p-bromo-
N,N-dimethylaniline (1.52 g, 7.61 mmol) in anhydrous THF, magnesium turnings (0.20 g, 7.87 
g.atom) and 3-morpholin-4-yl-6H-dibenzo[b,e]oxepin-11-one (5.28)  (1.5 g, 5.07 mmol) yielded 
a crude residue which was recrystallized from CH2Cl2/hexane affording 11-(4-dimethylamino-
phenyl)-3-morpholin-4-yl-6,11-dihydro-dibenzo[b,e]oxepin-11-ol (5.34), (1.05 g, 50%), 
m.p. 172.0-173.0°C; νmax(CHCl3)/cm-1 3605.2 and 3378.9 (OH), 3023.2, 
3008.6, 2971.8, 2897.9, 2862.5 (CH), 1612.6 (Ar), 1519.3, 1451.0, 
1379.8, 1356.7, 1306.2, 1268.2, 1189.6, 1121.0, 1038.7, 822.1; 
δH(CDCl3) 2.36 (1H, s, OH), 2.92 (6H, s, N(CH3)2), 3.20 (4H, t, J = 
4.9Hz, -CH2-), 3.86 (4H, t, J = 4.7Hz, -CH2-), 4.61 (1H, d, J = 13.2Hz, 
OCH2), 5.13 (1H, d, J = 13.2Hz, OCH2), 6.40 (1H, d, J = 2.6Hz, Ar-H), 6.59 (2H, d, J = 8.6Hz, 
Ar-H), 6.63 (1H, dd, J1 = 2.6 and J2 = 8.8Hz, Ar-H), 6.98 (2H, d, J = 8.8Hz, Ar-H), 7.15 (1H, d, J 
= 6.8Hz, Ar-H), 7.30 (1H, d, J = 7.4Hz, Ar-H), 7.41 (1H, t, J = 7.3Hz, Ar-H), 7.83 (1H, d, J = 
8.8Hz, Ar-H), 8.08 (1H, d, J = 7.Hz, Ar-H); δC(CDCl3) 40.8 (N(CH3)2), 49.2 (-CH2NCH2-), 67.3 (-
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OCH2-), 71.2 (OCH2), 78.5 (C-OH), 106.9, 109.1, 112.5 (CH, Ar), 123.7 (quat. Ar), 125.3, 
127.9, 128.1, 128.7, 128.9, 129.2 (CH, Ar), 129.5, 133.7, 146.7, 150.3, 152.4, 156.3 (quat. Ar); 
HRMS: m/z 416.207863 (M+, 90.36%), 399.2450 (44.44, C26H27N2O2), 296.1556 (60.32, 
C18H18NO3), 295.1551 (87.31, C18H17NO3), 279.1582 (36.12, C18H17NO2), 268.1593 (22.43, 
C20H12O), 253.1939 (22.94, C19H9O), 148.0924 (32.41, C9H10NO), 121.1039 (19.37, C8H11N), 
91.0663 (10.25, C7H7); C26H28N2O3 requires M+ 416.209993. 
 
 
 
 
 
